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ABSTRACT
S tu d ie s  were conducted  to  d e te rm in e  th e  e f f e c t s  o f  f lo o d in g  d a te s  
and d i f f e r e n t  d i s p o s a l s  o f  r i c e  s t ra w  on c r a y f i s h  c u l t u r e  i n  r i c e  
f i e l d .  N u t r i t i o n a l  co m p o s i t io n  o f  decayed r i c e  s t r a w ,  p e r ip h y to n  
grow th , and w a te r  q u a l i t y  were a l s o  d e te rm in ed . E ig h tee n  e a r th e n  
ponds were randomly a s s ig n e d  to  s i x  t r e a tm e n ts  i n  a two by th r e e  
f a c t o r i a l  a rrangem en t:  e a r l y  f lo o d in g  (2 0 /S e p t /1 9 7 8 ) , l a t e  f lo o d in g
( 1 5 /O c t /7 8 ) ,  and a e r o b ic  ( b a l e d ) ,  a n a e ro b ic  ( d i s k e d ) ,  p a r t i a l l y  
a e r o b ic  ( s ta n d in g )  d eco m p o s it io n  o f  r i c e  s t ra w  w ith  t h r e e  r e p l i c a t i o n s  
each .
The av erag e  c r a y f i s h  p ro d u c t io n  i n  e a r ly - f lo o d e d  ponds (1183 
k g /h a )  d id  n o t  d i f f e r  s i g n i f i c a n t l y  from t h a t  i n  l a t e - f l o o d e d  ponds 
(1127 k g /h a ) .  S i g n i f i c a n t  d i f f e r e n c e s  (P<0.05) i n  av erag e  c r a y f i s h  
p r o d u c t io n  were found betw een s ta n d in g  ponds (1506 k g /h a )  and d isk ed  
ponds (803 k g /h a ) ,  and betw een b a le d  ponds (1157 k g /h a )  and d isk e d  
ponds. The av erag e  c r a y f i s h  p r o d u c t io n  i n  s ta n d in g  ponds was n o t  
s i g n i f i c a n t l y  h ig h e r  th a n  i n  b a le d  ponds.
von B e r t a l a n f f y ' s  growth model r e v e a le d  t h a t  a l l  c r a y f i s h  in  
e a r ly - f lo o d e d  ponds a t t a i n e d  an av erag e  maximum le n g th  (1 ) and
B ro d y 's  growth c o e f f i c i e n t  (k) o f  92 .2  mm and 0 .5 5 ,  r e s p e c t i v e l y ,
w hereas  a l l  c r a y f i s h  i n  l a t e - f l o o d e d  ponds had an 1 and k o f  82 .7  mmoo
and 0 .0 9 .  C ra y f is h  i n  d is k e d  ponds showed th e  p o o r e s t  growth o f  a l l  
t r e a tm e n t s .
L a te - f lo o d e d  ponds had a h ig h e r  p o p u la t io n  d e n s i t y  th a n  e a r l y -  
f lo o d e d  ponds. The p o p u la t io n  d e n s i t y  was h i g h e s t  i n  b a le d  ponds
fo l lo w ed  by s t a n d in g  and d isk e d  ponds. The h a r v e s t a b l e  c r a y f i s h  s i z e  
( t o t a l  l e n g th  > 75 mm) i n  d e c r e a s in g  o rd e r  w ere: s ta n d in g  ponds 
(1 9 .4  g ) , b a le d  ponds (1 8 .3  g ) , and d isk ed  ponds (1 7 .0  g ) .
R ice  s t ra w  decomposed f a s t e s t  i n  b a le d  ponds, fo llo w ed  by 
s ta n d in g  ponds and d is k e d  ponds w i th  av erag e  w e igh t l o s s  o f  7 7 .1 ,
66 .6  and 48.9%, r e s p e c t i v e l y ,  a f t e r  5-months deco m p o s it io n .  The C:N 
r a t i o  o r  r i c e  s t ra w  a t  f lo o d in g  was 57. I t  took  4 months f o r  th e  C:N 
r a t i o  to  drop below 17 f o r  r i c e  s t ra w  i n  b a le d  and s ta n d in g  ponds.
The av e rag e  C:N r a t i o  o f  r i c e  s t ra w  i n  d isk ed  ponds was 23 a f t e r  5 
months d eco m p o s i t io n .
The av erag e  dawn d i s s o lv e d  oxygen (DO) was c o n s i s t e n t l y  h ig h e r  
i n  e a r ly - f l o o d e d  ponds than  i n  l a t e - f l o o d e d  ponds w i th  a d i f f e r e n c e  
o f  1 .3  mg/1. For th e  f i r s t  5-weeks a f t e r  f lo o d in g ,  averag e  dawn DO 
was h i g h e s t  i n  b a le d  ponds (1 .5  m g/1 ) .  A f te r  t h a t ,  d isk e d  ponds had 
th e  h ig h e s t  dawn DO.
E ig h te e n  weeks a f t e r  f lo o d in g ,  e a r ly - f l o o d e d  ponds had h ig h e r
2 2 p e r ip h y to n  biomass (337 g/m ) th a n  l a t e - f l o o d e d  ponds (216 g/m ) .
2
The p e r ip h y to n  biomass was h i g h e s t  i n  s ta n d in g  ponds (358 g/m ) ,
2 2 fo llo w ed  by b a le d  ponds (333 g/m ) and d isk e d  ponds (307 g/m ) .
xi
INTRODUCTION
The managed pond a r e a  o f  c r a y f i s h  has expanded from l e s s  than
5 ,000  ha  i n  1969 (P e r ry  and LaCaze 1969) to  22,389 ha i n  1980 (C ra f t  
1980) w i th  a p o t e n t i a l  expans ion  to  over 80,000 ha (Franz 1974). The 
a r e a  in c r e a s e  i s  due to  a growing m arket demand f o r  c r a y f i s h .
R ice  f i e l d s  o f f e r  th e  most r e a d i l y  a d a p ta b le  land  f o r  c r a y f i s h  
c u l t u r e  s in c e  l e v e e s ,  pumps, and i r r i g a t i o n  d i t c h e s  a r e  a l r e a d y  in  
p l a c e .  The annual a r e a  p la n te d  i n  r i c e  d u r in g  th e  l a s t  10 y e a r s  has 
been s t a b l e  a t  a round  285,000 ha ( H i l l  and F au lk n e r  1970). H endrick  
(1965) s t a t e d  t h a t  in  a well-m anaged r i c e - c r a y f i s h  r o t a t i o n  th e  cash 
r e t u r n  from th e  secondary  c ro p ,  c r a y f i s h ,  o f t e n  exceeded t h a t  from the  
p r im ary  c ro p ,  r i c e .  Because o f th e  in c r e a s in g  demand f o r  c r a y f i s h  
and th e  sometimes low p r o f i t  m argin  from r i c e  m onocultu re  (A vault 
1977), doub le  c ro p p in g  o f  r i c e  and c r a y f i s h  has g r e a t l y  i n t e r e s t e d  
r i c e  f a rm e rs .
When r i c e  fa rm ers  b e g in  c r a y f i s h  fa rm ing , they  fa c e  two m ajor 
p rob lem s: oxygen d e p le t i o n  and food d e f i c i e n c y  (A vault e t  a l .  1975).
I f  f a l l  f lo o d in g  i s  too  e a r l y ,  warm w a te r  c o n d i t io n s  may r e s u l t  in  
r a p id  d eco m p o s it io n  o f  r i c e  s t ra w  and concom itan t low l e v e l s  o f  
d i s s o lv e d  oxygen (DO). T h is  s t r e s s  may r e s u l t  i n  th e  m o r t a l i t y  o f  
young c r a y f i s h  r e c e n t l y  f lu s h e d  o u t  o f  burrow s. Melancon and A vau lt  
(1978) r e p o r t e d  t h a t  sm a l l  c r a y f i s h ,  9-12 mm i n  l e n g th  were n o t  v e ry  
t o l e r a n t  to  a b ru p t  changes i n  d i s s o lv e d  oxygen, and th e  v a lu e
* L e th a l  c o n c e n t r a t io n  a t  which 50% o f  th e  o rgan ism s d ie d  w i th in  
96 h o u rs .
2f o r  low DO was e s t im a te d  a t  0 .7 5  to  1 .10 ppm. Chien (1978) observed  
t h a t  th e  morning a f t e r  warm cloudy  days c r a y f i s h  o f t e n  clim bed 
s lu g g i s h l y  o n to  th e  bank o r  r i c e  s t ra w  a t  th e  w a te r  s u r f a c e ,  because  
o f  low l e v e l s  o f  DO.
When ponds a r e  f lo o d e d  i n  l a t e  O c to b er ,  coo l w a te r  te m p e ra tu res  
i n c r e a s e  oxygen s o l u b i l i t y  and red u ce  th e  b io ch em ica l  demand, thus  
m in im iz ing  DO d e p le t io n .  However, reduced  w a te r  te m p e ra tu re s  may 
r e s u l t  i n  tem porary  food d e f i c i e n c y  and slow c r a y f i s h  growth. 
R u sse l-H u n te r  (1971) s t a t e d  t h a t  d e t r i t u s  must a t t a i n  a C:N r a t i o  o f  
17 o r  low er b e fo re  i t  i s  s u i t a b l e  f o r  an im al n u t r i t i o n ;  a  h ig h e r  r a t i o  
would r e s u l t  i n  p r o t e i n  d e f i c i e n c y .  G oyert e t  a l  (1975) showed in  
l a b o r a to r y  s t u d i e s  t h a t  a t  21 C, under a e ro b ic  d eco m p o s it io n ,  i t  took  
e ig h t  weeks f o r  th e  C:N r a t i o  Tf r i c e  s t ra w  to  drop to  below 17. In  
a f i e l d  s tu d y  (Chien and A vau lt  1980), where r i c e  s t ra w  decomposed 
a t  an av erag e  w a te r  te m p e a r tu re  o f  10 C, under p a r t i a l l y  a e ro b ic  
c o n d i t i o n s ,  16 weeks were r e q u i r e d  to  a t t a i n  a C:N r a t i o  below 17.
Thus more tim e i s  needed to  decompose r i c e  s t ra w  under low w a te r  
te m p e ra tu re s  a t  l a t e  f lo o d in g  th a n  e a r l y  f lo o d in g .  Decaying r i c e  
s t ra w  and a s s o c i a t e d  m ic roorgan ism s a r e  th e  main so u rc e  o f  food f o r  
c r a y f i s h  i n  r i c e  ponds. W ithout ad eq u a te  d eco m p o s it io n ,  slow growth 
due to  poo r q u a l i t y  food can r e s u l t .  A vau lt  e t  a l  (1 9 7 5 ) , i n  f i e l d  
o b s e r v a t io n s ,  found t h a t  i f  th e  c r a y f i s h  p o p u la t io n  was l a r g e  a n d /o r  
th e  food supp ly  was low, c r a y f i s h  would e a t  v i r t u a l l y  a l l  v e g e t a t i o n  
i n  th e  pond. C ra y f is h  r a i s e d  under  such c o n d i t io n s  a r e  sm a ll  i n  s i z e  
and o r  poo r q u a l i t y .
Acharya ( 1935a,b) d em o n s tra ted  t h a t  th e  d eco m p o s it io n  o f  r i c e
3s t ra w  was most r a p id  i n  a e r o b ic  en v ironm en ts ,  s low er under w a te r ­
logged  c o n d i t i o n s ,  and s lo w e s t  under com plete  a n a e r o b i o s i s . N itro g en  
im m o b i l iz a t io n  d u r in g  a n a e ro b ic  decom posit ion  i s  low. On th e  c o n t r a r y ,  
a e r o b ic  m etabolism  r e s u l t s  i n  v ig o ro u s  decom position  o f  o rg a n ic  m a t t e r ,  
coup led  w i th  a h ig h e r  i n c o r p o r a t io n  o f  n i t r o g e n  (Tusneem and P a t r i c k  
1971). T h e re fo re ,  th e  C:N r a t i o s  o f  r i c e  s t ra w  a f t e r  decom position  
can be ex p ec ted  to  be th e  lo w est  in  a e ro b ic  en v ironm en ts ,  h ig h e s t  
under com plete  a n a e r o b io s i s ,  and in te r m e d ia te  in  w a te r lo g g ed  
c o n d i t io n s .  However, a e r o b ic  decom posit ion  consumes th e  l a r g e s t  
amount o f  oxygen. A v au lt  e t  a l  (1975) su g g es te d  t h a t  t e r r e s t r i a l  
v e g e t a t i o n  be mowed and, i f  p o s s i b l e ,  d isk ed  under to  m inim ize DO 
d e p le t i o n .  At t h i s  t im e ,  v i r t u a l l y  no in fo rm a t io n  i s  a v a i l a b l e  on 
th e  e f f e c t s  o f  d i f f e r e n t  d i s p o s a l s  o f  r i c e  s t ra w  under a e r o b ic ,  
a n a e ro b ic ,  and p a r t i a l l y  a e r o b ic  deco m p o sit io n  on c r a y f i s h  c u l t u r e .
T h is  s tu d y  was conducted  to  d e te rm in e  (1) how d i s p o s a l s  o f  r i c e  
s t r a w  ( a e r o b ic ,  a n a e r o b ic ,  p a r t i a l l y  a e r o b ic  d ecom pos ition )  and 
f lo o d in g  d a te s  (two te m p e ra tu re  reg im es)  a f f e c t  c r a y f i s h  p ro d u c t io n ,  
o v e r a l l  w a te r  q u a l i t y ,  and th e  C:N r a t i o  o f  r i c e  s t r a w ;  and (2) th e  
b e s t  com bina tions  o f  f lo o d in g  d a te s  and r i c e  s t ra w  d i s p o s a l s  to  
m inim ize oxygen d e p l e t i o n  problem s and y e t  maximize food su p p ly .
LITERATURE REVIEW
P o ly c u l tu r e  and M u l t ip le - c ro p p in g
P o ly c u l tu r e  and m u l t ip l e - c r o p p in g  a r e  two a q u a c u l tu r e  system s 
t h a t  make th e  b e s t  u se  o f  th e  n a t u r a l  env ironm en t.  P o ly c u l tu r e  i s  
th e  r e a r i n g  o f  two o r  more n o n -c o m p e t i t iv e  s p e c ie s  i n  com bina tion  to  
o b t a i n  g r e a t e r  f i s h  p ro d u c t io n  w i th  l i t t l e  added f a c i l i t i e s  o r  
in c r e a s e d  energy  re q u ire m e n ts  (S t ic k n e y  1978). Yashouv (1968) 
conc luded  t h a t  a mixed s to c k  o f  s e l e c t e d  f i s h  s p e c i e s ,  w ith  complemen­
t a r y  f e e d in g  h a b i t s  and d i f f e r e n t  e c o lo g i c a l  n ic h e s  i n  th e  pond, i s  
th e  most e f f i c i e n t  way f o r  i n c r e a s in g  f i s h  p r o d u c t io n .
M u l t ip le - c r o p p in g  i s  th e  r o t a t i o n  o f  s e v e r a l  c ro p s  on th e  same 
la n d s  d u r in g  d i f f e r e n t  t im es  o f  th e  y e a r  to  maximize p ro d u c t io n  by 
t a k in g  advan tage  o f  d i f f e r e n t  th e rm a l ,  h y d r o l o g i c a l ,  and en v iro n m en ta l  
r e q u ire m e n ts  o f  each  c ro p .  One c o n d i t io n  f o r  m u l t i p l e - c r o p p in g  i s  
t h a t  t h e r e  must be no a d v e rse  r e s i d u a l  e f f e c t s  l e f t  from one crop  to  
th e  o t h e r .  Brown (1976) s t a t e d  t h a t  th e  n e t  p r o f i t  o f  d o u b le -c ro p p in g  
c h an n e l  c a t f i s h  ( I c t a l u r u s  p u n c t a t u s ) and t r o u t  ( Salmo g a i r d n e r i ) in  
a  cage system  can be in c r e a s e d  a s  much as  320% as  compared to  channel 
c a t f i s h  m o n o cu ltu re .  C a t f i s h  a r e  grown d u r in g  warm months and t r o u t  
d u r in g  c o o le r  months.
P o ly c u l tu r e  w ith  C ru s tac e an s
A lthough th e  p o l y c u l t u r e  o f  f i s h e s  and c r u s ta c e a n s  i n  b r a c k i s h  
w a te r  i s  a c e n tu r y - o ld  te c h n iq u e  i n  s o u th e a s t  A s ia  (Bardach e t  a l .
4
1972, Chen 1976), i t  h a s  been on ly  s c a n t i l y  i n v e s t i g a t e d  i n  th e  U nited  
S t a t e s  (Lunz 1951). Crab ( S c y l l a  s e r r a t a ) , shrim ps (Penaeus monodon, 
M etapenaeus m onoceros) , m i lk f i s h  (Chanos chanos) a n d /o r  a g a r  seaweed 
G r a c i l a r i a  sp .  have been  a l l  c u l t i v a t e d  t o g e th e r  i n  Taiwan, w i th  an 
an n u a l  y i e l d  o f  750 to  1500 k g /h a  f o r  shrim p, 3000 k g /h a  f o r  m i lk f i s h ,  
and 200 c r a b s /h a  (Bardach e t  a l .  1972). In  In d o n e s ia  and th e  
P h i l i p p i n e s ,  sh rim ps  (P. i n d i c u s , £ .  s e m i s u lc a tu s , M etapenaeus e n s i s , 
and M. b r e v i c o r n i s ) a r e  a llow ed  to  invade  m i l k f i s h  ponds. Shrimp 
y i e l d s  v a r i e d  from 25 to  400 k g /h a /y e a r  (Bardach e t  a l .  1972). Tatum 
and T r im ble  (1978) p o ly c u l tu r e d  pompano (T ra c h in o tu s  c a r o l i n u s ) w ith  
p e n a e id  shrim p (P. a z t e c u s , I?, duorarum , and P. s e t i f e r u s ) i n  Alabama. 
They found t h a t  h ig h  l e v e l s  o f  DO were m a in ta in ed  i n  ponds c o n ta in in g  
b o th  pompano and th e  d e t r iv o r o u s  p e n a e id s ,  b u t  n o t  in  pompano mono­
c u l t u r e  ponds. Both th e  t o t a l  y i e l d  and pompano y i e l d  were h ig h e r  in  
pompano-shrimp p o ly c u l tu r e  th an  i n  pompano m o n o cu ltu re .  R ea r in g  th e  
s p o t  prawn (P anda lus  p l a t y c e r o s ) and salmon ( S a lv e l in e s  namaycush) i n  
th e  same n e t  pen h a s  proved  en co u rag in g  (R ense l and P r e n t i c e  1979). 
A f t e r  6 .5  months o f  c u l t u r e ,  th e  growth o f  prawns i n  p o ly c u l tu r e  
exceeded  t h a t  o f  th o s e  i n  m o n o cu ltu re .  There  was no e v id en ce  o f  
a d v e rse  salm on/praw n i n t e r a c t i o n .  A l i m i t i n g  f a c t o r  to  s to c k in g  
j u v e n i l e  prawns i n  commercial salmon n e t  pens i s  th e  re q u ire m e n t  t h a t  
prawns must be l a r g e  enough to  p re v e n t  e scape  from th e  n e t .
R undqu is t  e t  a l .  (1977) in v e n te d  a system  o f  w a t e r c r e s s - c r a y f i s h  
p o l y c u l t u r e .  W a te rc re s s  s t r i p p e d  n i t r a t e s ,  ammonia, and phosphorus 
o f f  th e  n u t r i e n t - r i c h  e f f l u e n t  from a c o n n e c t in g  t r o u t  h a tc h e ry  and 
i n  t u r n  p ro v id ed  a food so u rc e  f o r  c r a y f i s h .  The p o l y c u l t u r e  o f  
f i n f i s h  and f r e s h w a te r  c r u s ta c e a n s  s t a r t e d  on ly  a few y e a r s  ago.
Merkowsky and A vau lt  (1977) r a i s e d  c r a y f i s h  (Procambarus c l a r k i i ) 
w i th  h y b r id  g r a s s  ca rp  (male w h i te  amur, Ctenopharyngodcm i d e l l a  X 
fem ale  I s r a e l i  m i r r o r  c a r p ,  C yprinus c a r p io ) in  weed i n f e s t e d  p o o ls .  
They found t h a t  c r a y f i s h  appeared  to  be u n a f f e c te d  by h y b r id  g ra s s  
ca rp  s in c e  growth and s u r v i v a l  o f  c r a y f i s h  were th e  same i n  poo ls  
w i th  o r  w i th o u t  c a r p .  However, F o r e s t e r  and A vau lt  (1978) found 
t h a t  g ra s s  carp  (C. i d e l l a ) s i g n i f i c a n t l y  reduced  th e  average  y ie ld  
(number and t o t a l  w e ig h t)  o f  h a r v e s t a b l e  c r a y f i s h ,  because  they  
competed f o r  a v a i l a b l e  food  r e s o u rc e s  and, when p l a n t  m a t te r  was 
s c a r c e ,  g r a s s  c a rp  sw i tch e d  food h a b i t s  and p reyed  on young c r a y f i s h .  
The d i s t i n c t i o n  between th e  fe e d in g  h a b i t s  o f  p o ly c u l tu r e d  s p e c ie s  i s  
n o t  d e f i n i t e .  F is h  a r e  a b le  to  a d j u s t  to  d i f f e r e n t  fo o d s ,  so when 
t h e i r  p r e f e r r e d  food d im in ish e s  they  se a rc h  f o r  food from o th e r  
so u rc e s  (Reich 1975). However, food c o m p e t i t io n  o r  p r e d a t io n  i n  a 
p o ly c u l t u r e  system  can be p re v e n te d  by an a r t i f i c i a l  b lo c k ad e .  A 
s u c c e s s f u l  f i n f i s h / c r a y f i s h  p o ly c u l tu r e  was accom plished  by Tuten  and 
A v au lt  (Green e t  a l .  1978). They s to ck e d  channel c a t f i s h  ( I c t a l u r u s  
p u n c t a t u s ) i n  f l o a t i n g  c a g e s ,  and l e t  c r a y f i s h ,  p a d d le f i s h  (Polydon 
s p a t h u l a ) and bigmouth b u f f a l o  ( I c t i o b u s  c y p r i n e l l u s ) lo o s e  i n  th e  
same pond. The c a t f i s h  were r e l e a s e d  from th e  cages  a f t e r  th e  c ra y ­
f i s h  (P. c l a r k i i ) h a r v e s t  ended i n  May. The c r a y f i s h  b e n e f i t t e d  from 
e x ce ss  su p p lem en ta l  fe e d  n o t  used  by th e  caged f i s h  and from c a t f i s h  
f e c e s ,  which e n r ic h e d  th e  w a te r s ,  and c r a y f i s h  p ro d u c t io n  av eraged  
1345 k g /h a .  C ra y f is h  n o t  o n ly  e f f i c i e n t l y  used  e x ce ss  c a t f i s h  f e e d ,  
w hich o th e rw is e  would n o rm a lly  have decayed and d e t e r i o r a t e d  w a te r  
q u a l i t y ,  b u t  a l s o  p ro v id e d  a  food su p p ly  f o r  th e  c a t f i s h  when th e  
l a t t e r  were r e l e a s e d .  C a t f i s h  p r o d u c t io n  av eraged  3191 k g /h a ;
7bigmouth b u f f a l o  av e rag e d  302 k g /h a ;  and p a d d le f i s h  avearged  109 
k g /h a .
Green (1978) combined caged channel c a t f i s h ,  bigmouth X b la c k  
h y b r id  b u f f a lo  ( I .  c y p r i n e l l u s  X I .  n i g e r ) , go lden  s h in e r  (Notemigonus 
c r y s o le u c a s ) and c r a y f i s h .  The channel c a t f i s h  were caged th roughou t 
th e  s tu d y  to  av o id  p r e d a t io n  on c r a y f i s h .  However, c r a y f i s h  produc­
t i o n  avearged  o n ly  143 k g /h a .  The reduced p ro d u c t io n  o f  c r a y f i s h  
was a t t r i b u t e d  to  d e v i a t io n s  from e s t a b l i s h e d  management p r a c t i c e s ;  
r a p id  d e w a te r in g  d u r in g  summer; l a t e  f lo o d in g  u n t i l  J a n u a ry ;  and food 
d e f i c i e n c y  due to  poor growth o f  r i c e  and ry e  g ra s s  i n  w in te r .
M u l t ip le  Cropping w i th  C ru s tacean s
F ish  c u l t u r e  i n  r i c e  f i e l d s  p ro v id e s  a means f o r  p ro d u c t io n  o f  
bo th  g r a in  and an im al p r o t e i n  on th e  same la n d  (S c h u s te r  1955). I t  
i s  an a lm ost i d e a l  method o f la n d  u se .  V ib e r t  and L a g le r  (1961) 
s t a t e d  t h a t  i f  a l l  th e  r i c e  f i e l d s  a l s o  grew f i s h ,  th e  y i e l d  would 
r e p r e s e n t  15 to  20% o f  th e  t o t a l  q u a n t i t y  o f  f i s h  consumed each y e a r  
i n  th e  w o r ld .  Coche (1967) gave an e x c e l l e n t  rev iew  o f f i s h  c u l tu r e  
i n  r i c e  f i e l d s .  In  r e l a t i o n  to  th e  r i c e  c ro p ,  he c l a s s i f i e d  f i s h  
c u l t u r e  as fo l lo w s :  (1) a s  a  s i n g l e  annual c rop  a f t e r  th e  s i n g l e
an n u a l  c rop  o f r i c e ,  (2) a s  an in te r m e d ia te  c rop  between th e  r i c e  
h a r v e s t  and th e  n e x t  p l a n t i n g ,  w ith  r i c e  c ro p s  o f  more th an  annual 
f r e q u e n c y ,  and (3) c o n c u r re n t  w i th  th e  growing o f  r i c e  ( r i z i p i s c i -  
c u l t u r e ) . A lthough t h e r e  i s  c o n s id e r a b le  l i t e r a t u r e  on f i n f i s h  
c u l t u r e  i n  r i c e  f i e l d s ,  u n t i l  th e  p a s t  two o r  t h r e e  d ecad es ,  few 
s t u d i e s  have been  done on r o t a t i o n  o f  c r u s ta c e a n s  and r i c e .  Gopinath
8(1955) d e s c r ib e d  a  p ra w n -r ic e  r o t a t i o n  i n  I n d i a .  There  were 4 ,000  to
5 ,000  ha  o f  r i c e  f i e l d s  i n  th e  n o r th - w e s te rn  c o a s t a l  a r e a  u t i l i z e d  
f o r  prawn c u l t u r e .  R ice  was p la n te d  from Ju n e  to  O c tober ,  which 
c o in c id e d  w i th  th e  f r e s h w a te r  monsoon sea so n . A f te r  th e  monsoon, th e  
w a te r  l e v e l  i n  th e  su r ro u n d in g  backw ater g ra d u a l ly  dropped , and the  
w a te r  became more and more b r a c k is h  as th e  r e s u l t  o f  t i d a l  in f lu e n c e .  
For th e  r e s t  o f  th e  y e a r  prawn o p e r a t io n s  were c a r r i e d  on. The 
c u l t u r e d  prawns were Metapenaeus d o b so n i , M. nom oceros, and P. 
i n d i c u s . S in ce  th e  bo ttom  was r i c h  i n  o rg a n ic  m a t te r  caused  by 
d ecay in g  r i c e  s t ra w  and o th e r  p l a n t  r e s i d u e s ,  prawn y i e l d s  ranged  
from 164 to  492 k g /h a  w i th o u t  supp lem en ta ry  fe e d in g .  Johnson (1956) 
d e s c r ib e d  a  f r e s h w a te r  prawn, Macrobrachiuro l a n c h e s t e r i , which has  
p o t e n t i a l  v a lu e  i n  r ic e -p ra w n  double  c ropp ing  i n  I n d i a .  This  prawn 
h as  s e v e r a l  f a v o ra b le  f e a t u r e s ,  such  a s  th e  a b i l i t y  to  rep ro d u ce  in  
s t a n d i n g  f r e s h w a te r ,  a pronounced e u r y t o p i c i t y ,  and v e g e ta r i a n  and 
d e t r i v o r o u s  food h a b i t s .
C r a y f i s h  c u l t u r e ,  a s  p r a c t i c e d  i n  L o u is ia n a ,  r e p r e s e n t s  the  
o n ly  co m m erc ia lly  v i a b l e ,  l a r g e - s c a l e  c r u s ta c e a n  c u l t u r e  i n  th e  
c o n t i n e n t a l  U n ited  S t a t e s  (Huner e t  a l .  1979). There were 22,398 ha 
i n  1980 dev o ted  to  c r a y f i s h  c u l t u r e  ( C r a f t  1980). In  1974, 22%
(4 ,5 0 0  ha) o f  th e  c r a y f i s h  ponds were r i c e - f i e l d  ponds (Gary 1974).
I n  1960, c r a y f i s h  fa rm ing  a f t e r  r i c e  p ro d u c t io n  was s t i l l  on a t r i a l  
and e r r o r  b a s i s  w i th o u t  s c i e n t i f i c  gu idance  and w i th o u t  d e t a i l e d  
knowledge o f  th e  c r a y f i s h  l i f e  c y c le  and b e h a v io r  (V iosca  1961;
S o n n ie r  1960). However, th e  ad v an tag es  o f  r i c e - c r a y f i s h  c u l t u r e  were 
p e r c e iv e d  by r i c e  fa rm e rs  s in c e  in v e s tm en t  i n  c r a y f i s h  fa rm ing  a f t e r
9r i c e  was sm a ll  and th e  p o t e n t i a l  p r o f i t  l a r g e .  V iosca  (1953, 1961) 
f i r s t  d e s c r ib e d  th e  r e a r in g  of c r a y f i s h  i n  r i c e  f i e l d s .  He found 
b o th  re d  swamp c r a y f i s h  (P. c l a r k i i ) and w h ite  r i v e r  c r a y f i s h  (P. 
a c u tu s  a c u tu s ) s u i t a b l e  f o r  r e a r i n g  i n  r i c e  f i e l d s .  H i l l  and Cancienne 
(1963) and Thomas (1963) su g g es te d  management te c h n iq u e s  f o r  p roducing  
c r a y f i s h  i n  r i c e  f i e l d s ,  and t h e i r  p ro ced u res  were l a t e r  t e s t e d  by 
Chien and A vau lt  (1980).
The g e n e r a l  p ro c e d u re  f o r  c u l t i v a t i n g  c r a y f i s h  in  r i c e  ponds 
i s  to  s to c k  m atu re  c r a y f i s h  i n  l a t e  s p r in g  o r  e a r l y  summer when few 
w ild  c r a y f i s h  a r e  i n  th e  f i e l d .  R ice  f i e l d s  a r e  d ra in e d  i n  l a t e  
summer and a llow ed  to  d ry  f o r  ab o u t  two weeks to  su p p o r t  r i c e  
h a r v e s t i n g  equipm ent. Meanwhile, th e  c r a y f i s h  have com pleted 
bu rrow ing . R ice  i s  u s u a l l y  h a rv e s te d  from mid-August to  mid- 
Septem ber. A f t e r  t h i s  th e  f i e l d  i s  re f lo o d e d  and young c r a y f i s h  a re  
f lu s h e d  o u t  o f  burrows to  feed  on decomposing r i c e  s t ra w  and 
a s s o c i a t e d  m ic roo rgan ism s . The c r a y f i s h  h a r v e s t  u s u a l ly  b eg in s  in  
J an u a ry  and c o n t in u e s  i n t o  May.
C ra y f ish  p ro d u c t io n  o f  over 1000 kg /ha  has  been ach iev ed  on 
s e v e r a l  o c c a s io n s  i n  r i c e  ponds (Thomas 1963; H endrick  1965; Chien 
and A vau lt  1980; M i l tn e r  1980). There i s  a complementary e f f e c t  o f  
growing c r a y f i s h  in  r i c e  ponds. Chien and A vau lt  (1980) found t h a t  
c r a y f i s h  grown i n  r i c e  f i e l d s  d id  n o t  a d v e r s e ly  a f f e c t  r i c e  p ro d u c t io n  
and t h a t  c r a y f i s h  a t t a i n e d  a  l a r g e r  s i z e  and p ro v id e d  h ig h e r  t o t a l  
p r o d u c t io n  when compared to  c r a y f i s h  i n  ponds c o n ta in in g  v o lu n te e r  
a q u a t i c  p l a n t s .  M i l tn e r  (1980) concluded  t h a t ,  compared w i th  m i l l e t ,  
which y ie ld e d  an av erag e  o f  790 k g /h a  o f  h a r v e s t a b l e  c r a y f i s h ,  r i c e
was a  s u p e r i o r  f o r a g e ,  y i e l d i n g  1071 k g /h a .  In  a d d i t i o n ,  r i c e  f i e l d s  
a r e  more p ro d u c t iv e  fo l lo w in g  c r a y f i s h  c ro p s  (V izena 1977; Chien and 
A v au lt  1980). With a l l  t h e s e  f a v o r a b le  f a c t o r s  i n  r i c e - c r a y f i s h  
double  c ro p p in g ,  and w i th  an expanding  m arket c r e a t i n g  a  demand f o r  
in c re a s e d  c r a y f i s h  p r o d u c t io n ,  more r i c e  fa rm ers  a r e  l i k e l y  to  double 
crop r i c e  and c r a y f i s h .
However, b e f o r e  c r a y f i s h  a r e  in t ro d u c e d  and farmed in  o th e r  
r e g io n s ,  th e  l i f e  h i s t o r y  o f  c r a y f i s h  and t h e i r  b e h a v io r  re sp o n d in g  
to  l o c a l  c l i m a t i c ,  h y d r o l o g i c a l ,  and e c o lo g i c a l  c o n d i t io n s  must be 
s tu d i e d .  Lowery and Mendes (1977) found t h a t  P_. c l a r k i i  i n  Kenya 
b re e d s  th ro u g h o u t  th e  y e a r  b u t  w i th  a d i s t i n c t  peak  when th e  w a te r  
l e v e l  e r r a t i c a l l y  i n c r e a s e s .  With th e  s i m i l a r  e n v iro n m en ta l  cond i­
t i o n s  i n  L o u i s i a n a ,  th e  double  c ro p p in g  o f  r i c e  and c r a y f i s h  has 
expanded to  th e  D e l ta  o f  M i s s i s s ip p i  (Rutz 1980). A lthough 
c u l t i v a t i n g  r i c e  and c r a y f i s h  h a s  been  a common p r a c t i c e  i n  L o u is ia n a  
f o r  y e a r s ,  i t  has  n o t  y e t  succeeded  i n  C a l i f o r n i a .  In  C a l i f o r n i a ,  
O rconec te s  v i r i l l i s  and P^ . c l a r k i i  were b o th  r e p o r te d  a s  r i c e  f i e l d  
p e s t s  (R ie g e l  1959), c h i e f l y  b ecau se  th e y  o f t e n  burrow i n t o  l e v e e s ,  
a l lo w in g  w a te r  to  e scap e  and th u s  i n t e r f e r i n g  w ith  p ro p e r  i r r i g a t i o n  
p ro c e d u re s .  Chang and Lange (1967) even e v a lu a te d  s e v e r a l  p e s t i c i d e s  
f o r  c o n t r o l  o f  c r a y f i s h  i n  C a l i f o r n i a  r i c e  f i e l d s .  Penn (1954) 
s t a t e d  t h a t  c r a y f i s h  t ro u b le d  r i c e  fa rm e rs  i n  Japan  b e ca u se  o f  t h e i r  
burrow ing a c t i v i t i e s  and b ecau se  th e y  fed  on th e  young r i c e  s h o o ts .
The c r a y f i s h  has  been  a  m ajor p e s t  i n  th e  su b u rb s  o f  Osaka s in c e  1948, 
w ith  th e  c r a y f i s h  p o p u la t io n  e s t im a te d  a t  1 ,200 k g /h a .  Chien (1978) 
p o s t u l a t e d  t h a t ,  i n  P e n n 's  s tu d y ,  th e  r i c e  harmed by c r a y f i s h  m ight
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be th e  second ( f a l l )  r i c e  c ro p ,  s in c e  y o u n g -o f - th e -y e a r  c r a y f i s h  were 
f lu s h e d  o u t  o f  burrows a t  t h a t  t im e .
Two m ajo r problem s i n  r i c e - c r a y f i s h  c u l t u r e  a r e :  (1) r i c e
p e s t i c i d e s  may k i l l  c r a y f i s h ;  and (2) e i t h e r  r i c e  o r  th e  c r a y f i s h  
c rop  must be s a c r i f i c e d  to  a  d eg ree  to  mesh th e  t i g h t  r o t a t i o n  
s c h e d u le .  Cheah e t  a l .  (1979) concluded t h a t  i n s e c t i c i d e s  a r e  th e  
most t o x i c  p e s t i c i d e s  t o  j u v e n i l e  c r a y f i s h ,  w h ile  f u n g ic id e s  (seed -  
p r o t e c t a n t s )  a r e  l e a s t  t o x i c .  The h e r b i c i d e s  a r e  o f  in t e r m e d ia te  
t o x i c i t y  i n  r e l a t i o n  to  i n s e c t i c i d e s  and f u n g ic id e s .  The a d d i t i o n  of 
compounds such a s  fu rad a n  ( f o r  c o n t r o l  o f  th e  r i c e  w a te r  w e e v i l ,  
L i s s o r h o p t r u s  o r y z o p h i lu s , K uschel)  can r e s u l t  i n  th e  com plete  
m o r t a l i t y  o f  c r a y f i s h  i f  a p p l ie d  to  ponds a f t e r  f lo o d in g .  V izena 
(1977) r e p o r te d  t h a t  r i c e - c r a y f i s h  fa rm ers  must be w i l l i n g  to  
s a c r i f i c e  some r i c e  p ro d u c t io n  to  grow c r a y f i s h ,  s in c e  p e s t i c i d e s  
canno t be used on la n d s  where c r a y f i s h  a r e  grown, and r i c e  y i e l d s  
a r e  o f t e n  low er due to  i n s e c t  damage.
D ra in in g  f i e l d s  i n  l a t e  March to  r e p l a n t  r i c e  c u ts  th e  c r a y f i s h  
h a r v e s t  sea so n  o f f  d u r in g  th e  maximum p ro d u c t io n  month, a s  c r a y f i s h  
h a r v e s t  u s u a l l y  c o n t in u e s  i n t o  May. A f te r  c r a y f i s h  fa rm in g ,  soybeans 
may be a more s u i t a b l e  c ro p  than  r i c e ,  s in c e  soybeans can be p la n te d  
o v e r  a r e l a t i v e l y  lo n g  p e r io d  o f  tim e (W illiam s and M arsh a l l  1976).
For b e s t  r e s u l t s ,  soybeans can  be p la n te d  from May 10 to  June  15 i n  
L o u is ia n a  (USDA 1961). The r o t a t i o n  o f  soybeans w i th  c r a y f i s h  has 
been  p roposed  by A vau lt  and Chien (1979).
MATERIALS AND METHODS
T h is  s tu d y  was conducted  a t  th e  Ben Hur Farm, LSU, Baton Rouge, 
LA., d u r in g  1978 and 1979.
G enera l  F i e ld  P r e p a r a t io n
On 14 March 1978, s o i l  sam ples were o b ta in e d  from each o f 18 
ponds and a n a ly z e d  f o r  phosphorus , p o ta ss iu m , ca lc iu m , magnesium, 
o r g a n ic  m a t t e r ,  and pH by th e  S o i l  T e s t in g  L a b o ra to ry ,  LSU, a cco rd in g  
to  m ethods and p ro c e d u re s  o u t l i n e d  by Brupbacker e t  a l .  (1968) . The 
r e s u l t s  were  used  a s  r e f e r e n c e s  f o r  th e  f e r t i l i z e r  r e q u i r e d .
B eg inn ing  10 A p r i l  1978, 18 0 .05  ha e a r th e n  ponds, w ith  av erag e  
d e p th s  o f  0 .8  m, were th o ro u g h ly  d is k e d ,  f e r t i l i z e d  a t  a  r a t e  o f  227 
k g /h a  o f  8 -2 4 -2 4 ,  and th en  f lo o d ed  w ith  abou t 2 .5  cm o f  w a te r .  A f te r  
f l o o d i n g ,  f u n g i c i d e - t r e a t e d  (D i f o la ta n )  L aB elle  r i c e  seed  (Oryza 
s a t i v a )  was b ro a d c a s te d  i n  a l l  ponds a t  a r a t e  o f  153 kg p e r  ha .
Cheah (1978) n o te d  t h a t  fu n g ic id e s  ( s e e d - p r o t e c t a n t s )  a r e  r e l a t i v e l y  
n o n - to x i c  to  j u v e n i l e  c r a y f i s h  compared w ith  i n s e c t i c i d e s  and 
h e r b i c i d e s .  A f t e r  r i c e  was p l a n t e d ,  ponds were s low ly  d ew ate red .
When b a rn y a rd  g r a s s  ( E ch in o c lo a  s p . )  and o t h e r  an n u a l  weeds grew 5 to  
6 cm h ig h ,  th e  h e r b i c i d e  p r o p a n i l  was used a t  a r a t e  o f  2 .3  kg /ha  
(Sm ith and Seaman 1973). Four days a f t e r  s p a r y in g ,  ponds were 
r e f lo o d e d  w i th  5 cm o f  w a te r .  Chien and A vau lt  (1980) found t h a t  when 
p r o p a n i l  was used  a t  a  r a t e  o f  2 .3  k g /h a ,  t h e r e  were no s i g n i f i c a n t  
a d v e r s e  e f f e c t s  on c r a y f i s h  p ro d u c t io n .  However, to  a v o id  d i r e c t  
ch em ica l  damage t h a t  p r o p a n i l  m ight cause  to  c r a y f i s h ,  ponds were n o t
13
s to ck e d  w i th  c r a y f i s h  u n t i l  27 May 1978, two weeks a f t e r  p r o p a n i l  
had been  a p p l i e d .  The s to c k in g  r a t e  was 48 p a i r s  p e r  pond (abou t 51 
k g / h a ) . The w a te r  l e v e l  was g r a d u a l ly  in c re a s e d  as  r i c e  grew and 
was u l t i m a t e l y  m a in ta in e d  a t  8 cm.
When r i c e  was i n  th e  j o i n t  s t a g e ,  i . e .  a t  th e  f i r s t  in te rn o d e  
e lo n g a t io n ,  170 k g /h a  o f  n i t r o g e n  f e r t i l i z e r  (u rea )  was a p p l ie d  to  
each  pond. In  l a t e  A ugust ,  ponds were co m ple te ly  d ra in e d  and a llow ed 
to  d ry  o u t  to  f a c i l i t a t e  h a r v e s t i n g .  However, b ecau se  o f  u n fa v o ra b le  
w ea th e r  c o n d i t io n s  and l a c k  o f  ad eq u a te  h a r v e s t  equ ipm ent, th e  r i c e  
was n o t  h a rv e s te d  b u t ,  i n s t e a d ,  was c u t  a t  a h e ig h t  o f  30 cm on 1 
September 1978. The g r a i n  f e l l  on th e  ground a t  c u t t i n g  and was l e f t .
E xperim en ta l Design
Ponds were randomly a s s ig n e d  to  s i x  t r e a tm e n ts  i n  a 2 X 3 
f a c t o r i a l  a rrangem ent w i th  two f lo o d in g  d a te s  and t h r e e  ty p e s  o f  r i c e  
s t ra w  d i s p o s a l s ;  each t r e a tm e n t  had t h r e e  r e p l i c a t e s .  The t r e a tm e n ts  
were as  fo l lo w s :
Two F lood ing  D ates 
E a r ly  F lo o d in g  L a te  F lood ing
(9 /2 0 /7 8 )  (1 0 /1 5 /7 8 )
Baled
(A erobic
D ecom position) 3 3
Three  S tan d in g
R ice  ( P a r t i a l l y
Straw  A erobic
D is p o sa ls  D ecom position) 3 3
Disked
(A naerobic
D ecom position) 3 3
A l l  ponds were f lo o d e d  20 September o r  15 O c tober 1979 f o r  e a r l y -  and
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l a t e - f l o o d e d  ponds, r e s p e c t i v e l y .  The r i c e  s t ra w  was d isp o sed  o f  i n  
th e  fo l lo w in g  manner: (1) B aled- th e  cu t  p a r t  o f  th e  r i c e  s traw  was
c o l l e c t e d  from th e  ponds and p i l e d  i n t o  heaps on th e  ban k s ,  covered 
w i th  p ie c e s  o f  b la c k  v i n y l ,  and k e p t  m o is t  by w a te r in g  whenever 
n e c e s s a r y .  The r i c e  s t ra w  was p u t  back i n to  th e  ponds a f t e r  th e  end 
o f  F eb ru a ry  1979 m onth ly . The uncu t p a r t  o f  th e  r i c e  s t ra w  was l e f t  
s t a n d i n g ,  (2) S ta n d in g -  a l l  th e  r i c e  s t ra w  was l e f t  as  i t  was a f t e r  
c u t t i n g ,  (3) D isk ed -  a l l  r i c e  s t ra w  was in c o rp o ra te d  i n to  th e  s o i l  
abou t 5 -7 .5  cm deep by d i s k in g .
E nv ironm enta l P aram eters  
Water Q u a l i ty
From 27 September 1978 th rough  15 A p r i l  1979, d i s s o lv e d  oxygen 
(DO) and w a te r  te m p e ra tu re  were re c o rd ed  weekly i n  each pond a t  a 
dep th  o f  15 cm a t  dusk , dawn, and th e  n e x t  dusk w i th  a  p o la ro g ra p h ic  
DO m ete r  (Yellow S p r in g ,  Model 54A). The p u rpose  o f t h i s  i n v e s t i g a ­
t i o n  was to  compare d iu r n a l  DO, n e t  daytim e p h o to s y n th e s i s ,  n ig h t  
r e s p i r a t i o n ,  and av erag e  tem p e ra tu re  among t r e a tm e n t s .  D iu rn a l  DO i s  
d e f in e d  a s  th e  a v e rag e  o f  DO a t  dawn and dusk . Net daytime 
p h o to s y n th e s i s  (NDP) i s  d e f in e d  as  th e  g a in  o f  oxygen d u r in g  th e  
day tim e o r  DO a t  dusk minus DO a t  dawn th e  same day. N ig h tt im e  
r e s p i r a t i o n  (NR) i s  d e f in e d  a s  th e  l o s s  o f  oxygen d u r in g  th e  n ig h t  o r  
DO a t  dusk minus DO a t  n e x t  dawn (H a ll  and Moll 1975).
W ater sam ples were a l s o  taken  from each pond m onth ly . Water 
sam ples from t h r e e  r e p l i c a t e  ponds o f  each t r e a tm e n t  were mixed and 
a n a ly zed  f o r  NH4+-N, N02-+N03—N, t o t a l  N, P04-P, and t o t a l  P u s in g
15
p ro c e d u re s  o f  S t r i c k l a n d  and P a rso n s  (1965) as m o d if ied  by Ho and 
S ch n e id er  (1974).
P e r ip h y to n
P e r ip h y to n  (aufwuch) has  been  s u g g es ted  a s  a  main food sou rce  
f o r  c r a y f i s h  (Goyert e t  a l .  1975; Chien 1978). A p e r ip h y to n  sam pler 
was developed  and used to  measure th e  q u a n t i t y  o f  p e r ip h y to n  i n  each 
pond o v e r  t im e .
The sam pler c o n s i s t e d  o f  a  h o r i z o n t a l  c y l in d e r  a t t a c h e d  to  a
v e r t i c a l  c y l in d e r  by a g a lv a n iz e d  su p p o r t  w ire  (F ig .  1 ) .  Each
c y l i n d e r  was assem bled  by w rapping a  s t r i p  o f  t r a n s p a r e n t  p l a s t i c
(XEROX 3R163, 7 X 11.5 cm i n  a r e a  and 0 .1  mm i n  th ic k n e s s )  around a
No. 14 co rk .  The t o t a l  exposed s u r f a c e  a r e a  o f  th e  t r a n s p a r e n c y  fo r
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e x t e r n a l  and two t h i r d s  i n t e r n a l  s u r f a c e  was 128.8 cm (7 X 11.5 X 
1 .6 ) .  When th e  t r a n s p a r e n t  p l a s t i c  was fo ld e d  i n t o  a c y l i n d e r ,  a 
gap o f  2  mm was l e f t  to  a l lo w  f o r  th e  r e l e a s e  o f gas b u b b le s  formed 
by th e  r e s p i r a t i o n  o f  o rgan ism s i n s i d e  th e  c y l i n d e r .  The su p p o r t  
w ire  was a t t a c h e d  by c a b le s  to  a buoy and an an ch o r .  The p e r ip h y to n  
sam pler h a s  s e v e r a l  a d v a n ta g e s :  (1) The t r a n s p a r e n t  p l a s t i c  i s  n o t
as  f r a g i l e  as  g l a s s  s l i d e s .  (2) I t  p ro v id e s  a  l a r g e r  a t ta ch m e n t  
a r e a  th a n  g l a s s  s l i d e s .  (3) The d o u b le - c y l in d e r  i s  exposed to  
p e r ip h y to n  i n  ev ery  d i r e c t i o n .
One month a f t e r  ponds were f lo o d e d ,  t h r e e  p e r ip h y to n  sam plers  
were p la c e d  i n  each pond a t  a dep th  o f  10 cm. Every one and o n e - h a l f  
m onths, one sam pler  was removed from each  pond. The t r a n s p a r e n c y  was 
ta k en  a p a r t  and d r i e d  a t  105 C f o r  5 h o u rs  (S ladeckova  1962). The 
biom ass o f  p e r ip h y to n  was o b ta in e d  by s u b t r a c t i n g  th e  w e ig h t  o f  th e
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F ig .  1 . Assem bled view  o f  th e  3 -d im e n s io n a l  p e r ip h y to n  sam p le r.
17
o r i g i n a l  u n a t ta c h e d  t r a n s p a r e n c y  from th e  w e ig h t  o f  th e  p e r ip h y to n -  
a t t a c h e d  t r a n s p a r e n c y .  The biom ass o f  p e r ip h y to n  was compared among 
t r e a tm e n t s  o v e r  t im e .
R ice S traw  D ecom position  and C:N R a t io  Dynamics
The d e c r e a s e  i n  w e ig h t  o f  o rg a n ic  m a t t e r  i s  a m easure o f  th e  
d eco m p o s it io n  r a t e  (A lexander 1977). The l i t t e r b a g  te ch n iq u e  (Odum 
and de l a  Cruz 1967) was used  i n  t h i s  s tu d y .  F iv e  b a g s ,  each  w ith  
2 0  g o f  r i c e  s t r a w ,  were p la c e d  i n t o  each pond two weeks a f t e r  th e  
ponds w ere  f lo o d e d .  Bags were made o f  20 X 20 cm aluminum s c re e n  
w i th  a mesh s i z e  o f  1 .6  mm. The r i c e  s t ra w  i n  bags was d isp o se d  o f 
i n  such ways t h a t  i t  decomposed a e r o b i c a l l y ,  p a r t i a l l y  a e r o b i c a l l y ,  
and a n a e r o b i c a l l y  i n  b a l e d ,  s t a n d in g ,  and d isk ed  r i c e  s t ra w  t r e a t ­
m en ts ,  r e s p e c t i v e l y .
In  th e  b a le d  r i c e  s t r a w  t r e a tm e n t ,  bags were p la c e d  i n s i d e  a 
wooden box o f  0 .7  X 0 .7  X 0 .5  m, and sandwiched betw een two p ie c e s  
o f  b la c k  v in y l  to  red u ce  e v a p o r a t io n .  The box was 10 cm above th e  
w a te r .  The top  o f  th e  box was open and th e  bo ttom  c o n s i s t e d  o f  a 
s c r e e n  made o f  6 .4  mm w ire  mesh g a lv a n iz e d  hardw are c l o t h ,  which 
a llow ed  th e  r i c e  s t ra w  t o  absorb  m o is tu re  from pond w a te r  e v a p o r a t io n .  
M oreover, th e  r i c e  s t r a w  was k e p t  m o is t  by w a te r in g  whenever n e c e s s a r y .  
In  th e  s t a n d i n g - r i c e  s t r a w  t r e a tm e n t ,  bags  were t i e d  on to  s t a k e s  and 
suspended i n  w a te r  a t  a dep th  o f  10 cm. T h is  method s im u la te d  r i c e  
s t r a w  submerged i n  th e  w a te r  column. In  th e  d isk e d  r i c e  s t ra w  
t r e a tm e n t ,  bags  were b u r i e d  5 -7 .5  cm deep.
One bag  o f  r i c e  s t r a w  was removed from each  pond m o n th ly . Each 
r i c e  s t r a w  sample was r i n s e d  to  wash away e x tra n e o u s  m a t e r i a l s ,
o v e n -d r ie d  f o r  24 h o u rs  a t  105 C, and w eighed . The C:N r a t i o  o f  r i c e  
s t ra w  was th en  an a ly z e d  i n  th e  LSU G eochem istry  L a b o ra to ry  o f  th e  
C o a s ta l  S tu d ie s  I n s t i t u t e  f o r  t o t a l  o rg a n ic  n i t r o g e n  by EPA method 
350.2 (EPA 1979). T o ta l  carbon  was a n a ly z e d  by EPA method 415.1  i n  
which th e  LECO carbon  a n a l y s i s  system  was used  (EPA 1979).
P o p u la t io n  Dynamics
I n i t i a l  S u r v iv a l  and Growth R ate  o f  C ra y f ish
C ra y f ish  were c o n f in e d  i n  cages  i n  o r d e r  to  o b serv e  i n i t i a l  
growth and s u r v i v a l .  For b o th  f lo o d in g  d a t e s ,  one week a f t e r  ponds 
were f lo o d e d ,  c r a y f i s h  were c o l l e c t e d .  The averag e  l e n g th s  ( t i p  o f  
th e  ro s t ru m  to  th e  t i p  o f  th e  t e l s o n )  o f  c r a y f i s h  used  i n  e a r l y -  and 
l a t e - f l o o d e d  ponds were 14 .5+2 .0  and 14 .6+ 1 .8  mm, r e s p e c t i v e l y .  
C ra y f is h  were s to ck e d  i n  aluminum s c re e n  cages (10 X 10 X 20 cm) a t  
10 p e r  cage . Two cages  were p la c e d  i n  each pond i n  l a t e  a f te rn o o n  
when DO was h i g h e s t .  The top  5 cm o f  each  cage was above th e  w a te r  
s u r f a c e  i n  o r d e r  to  g iv e  c r a y f i s h  a c c e s s  to  th e  a i r - w a t e r  i n t e r f a c e  
i n  th e  e v e n t  o f  DO d e p l e t i o n .  Twice w eek ly , w a te r  te m p e ra tu re  and DO 
were measured a t  a d ep th  o f  10 cm a t  dusk and dawn. C ra y f is h  were 
fed  a p e l l e t e d  r a t i o n  ev e ry  o th e r  a f t e r n o o n  a t  a r a t e  o f  0 .5  g p e r  
c r a y f i s h  to  av o id  c a n n ib a l is m  due to  food  d e f i c i e n c y .  T o ta l  l e n g th s  
o f  c r a y f i s h  were m easured and s u r v i v a l s  were de te rm in ed  a t  t h e  second 
and f o u r th  week a f t e r  s to c k in g  i n  th e  c ag es .
Growth and P o p u la t io n  D en s i ty
F i r s t  wave y o u n g - o f - th e - y e a r  c r a y f i s h  were sampled b iw eek ly  from
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2 December 1978 t o  7 A p r i l  1979 to  d e te rm ine  o v e r a l l  growth and 
p o p u la t io n  d e n s i t y .  C y l i n d r i c a l ,  u p r ig h t  t r a p s ,  made from 6  mm 
hardw are c lo th  w i th  two fu n n e l- sh a p e d  e n t ra n c e s  a t  th e  bo ttom , were 
used  f o r  s am p lin g .  Two sam pling  t r a p s  b a i t e d  w ith  g iz z a rd  shad 
(Dorosoma cepediaum ) o r  c a t f i s h  heads were s e t  i n  each  pond f o r  18 to  
24 h o u rs .  The c r a y f i s h  were co u n ted , and t o t a l  l e n g th  and sex  were 
o b ta in e d  f o r  each  c r a y f i s h  sampled. A f te r  t h i s ,  c r a y f i s h  s m a l le r  
th a n  75 mm were r e tu r n e d  to  t h e i r  r e s p e c t i v e  ponds. C ra y f ish  
l a r g e r  th an  75 mm were n o t  r e tu r n e d .  T h e ir  w e ig h ts  and co u n ts  were 
used i n  y i e l d  d a t a .
The av e rag e  l e n g th  o f  sampled c r a y f i s h  from each pond was used  
to  f i t  th e  von B e r t a l a n f f y  growth model (von B e r t a l a n f f y ,  1938):
l t - l  • ( l - e - k ( t - t o ) )
0 0
where
I t  = l e n g th  a t  age t  i n  mm,
1  = a v e rag e  maximum t o t a l  l e n g th ,
e = 2 . 7 1 8 1 8 . . . ,
k = B rody’s growth c o e f f i c i e n t  (Brody, 1927, 1945),
t  = ag e ,  i n  w eeks,
to  = t h e o r e t i c a l  a d ju s tm e n t  p a ra m e te r ,  which e x p re s s  th e  age 
when th e  l e n g th  would have been  z e ro .
The growth e q u a t io n s  were e s t im a te d  by l e a s t  s q u a re s  p ro c e d u re s
“ I t  i ^
o f  a n o n - l i n e a r  model l t = l  +B*e . B was t ra n s fo rm ed  to  -1  *e
00 00
to  g e t  l t = l  * ( l - e  k  t o ^ ) .  For th e  p ro c e d u re ,  r e f e r  to  B a r r  e t  a l .  
(1979).
R e la t iv e  changes i n  Catch P e r  U n it  E f f o r t  (CPUE) from sam pling
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and from h a r v e s t i n g  f o r  y i e l d  d a ta  were used a s  an in d ex  o f  c r a y f i s h
abundance. T h is  method was based  on th e  assum ption  t h a t  th e  t r a p s  in
each pond were e q u a l ly  a c c e s s i b l e  to  th e  c r a y f i s h .  S ince  th e  t r a p s  
were made u n ifo rm ly ,  t h i s  assum ption  was r e a s o n a b le .  LaCaze (1976) 
s t a t e d  t h a t  c r a y f i s h  a r e  i n a c t i v e  below 10 C. S in ce  th e  t r a p p in g
su c c e ss  was a f f e c t e d  by w a te r  te m p e ra tu re ,  com parison o f  abundance
th ro u g h  tim e was n o t  a t te m p te d .
Y ie ld
To h a r v e s t  c r a y f i s h ,  two t r a p s  were used p e r  pond. The only  
d i f f e r e n c e  betw een th e  sam pling  t r a p s  and th e  h a r v e s t i n g  t r a p s  was 
t h a t  th e  l a t t e r  were c o n s t r u c te d  o f  1.9 cm mesh p o u l t r y  n e t t i n g  to  
h a r v e s t  c r a y f i s h  g r e a t e r  than  75 mm (commercial h a r v e s t a b l e  s i z e ) . 
C ra y f ish  were h a r v e s te d  on every  weekend from December 2 1978 to  7 
A p r i l  1979 a t  a r a t e  o f  one t r a p p in g  p e r  week. From 7 A p r i l  1979 
u n t i l  29 May 1979 c r a y f i s h  were h a r v e s te d  ev ery  day o r  two. C ra y f ish  
i n  each  pond were h a r v e s te d  f o r  a  t o t a l  o f  144 t r a p p in g s .
RESULTS
E nvironm enta l P a ram eters  
Water Q u a l i ty
When b a le d ,  s t a n d in g ,  and d isk ed  pond t r e a tm e n ts  were combined, 
th e  a v e rag e  d i u r n a l  DOs th ro u g h o u t th e  s tu d y  were c o n s i s t e n t l y  h ig h e r  
i n  e a r ly - f l o o d e d  ponds th a n  i n  l a t e - f l o o d e d  ponds w ith  a d i f f e r e n c e  
o f  1 .4  mg/1 (F ig .  2 ) .  The averag e  d iu r n a l  DO c o n c e n t r a t io n s  d u r in g  
th e  f i r s t  f i v e  weeks a f t e r  f lo o d in g  were 4 .4  and 3 .6  m g/I i n  e a r l y -  
and l a t e - f l o o d e d  ponds, r e s p e c t i v e l y .  The averag e  dawn DOs th ro u g h ­
o u t  th e  s tu d y  were c o n s i s t e n t l y  h ig h e r  i n  e a r ly - f lo o d e d  ponds (5 .4  
mg/1) th an  i n  l a t e - f l o o d e d  ponds (4 .1  mg/1) (F ig .  2 ) .  The f i r s t  f i v e  
weeks a f t e r  f lo o d in g ,  th e  averag e  dawn DOs were 1 .3  and 1.1 mg/1 in  
e a r l y -  and l a t e - f l o o d e d  ponds (Table  A - l ) .
When e a r l y -  and l a t e - f l o o d e d  ponds t r e a tm e n ts  were com bined, 
t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  in  th e  o v e r a l l  averag e  d iu r n a l  
DOs among b a l e d ,  s t a n d i n g ,  and d isk e d  ponds. However, th e  average  
d iu r n a l  DOs d u r in g  th e  f i r s t  f i v e  weeks a f t e r  f lo o d in g  were h ig h e s t  
i n  b a le d  ponds (4 .9  mg/1) fo llo w ed  by s ta n d in g  ponds (3 .8  mg/1) and 
d is k e d  ponds (3 .4  m g /1 ) . The o v e r a l l  av erag e  dawn DOs th ro u g h o u t  th e  
s tu d y  were h ig h e s t  i n  d is k e d  ponds ( 5 .3  mg/1) fo l lo w ed  by b a le d  ponds 
(4 .7  mg/1) and s ta n d in g  ponds (4 .3  m g/1). D uring th e  f i r s t  f i v e  
weeks a f t e r  f l o o d in g ,  dawn DOs were 1 .5 ,  1 .2 ,  and 1 .0  mg/1 f o r  b a le d ,  
s t a n d i n g ,  and d is k e d  pon d s ,  r e s p e c t i v e l y .  A f te r  f i v e  w eeks, th e  
















F ig .  2 .  The av e rag e  dawn d i s s o lv e d  oxygen ( ------ ) and d i u r n a l  d i s s o lv e d
oxygen (----- ) i n  e a r l y - f l o o d e d  ponds (9 /2 0 /7 8 )  ( E ) and i n
l a t e - f l o o d e d  ponds (1 0 /1 5 /7 8 )  ( L ) from 27 Septem ber 1978 to  15 
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F ig .  3 .  The av e rag e  dawn d i s s o lv e d  oxygen i n  b a le d  ponds (b— ) ,  s t a n d in g  
ponds (s— ) ,  and d is k e d  ponds (d—-) from 27 Septem ber 1978 to  15 
A p r i l  1979, Ben Hur Farm, LSU.
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to  e le v e n th  week a f t e r  f lo o d in g ,  th e  s ta n d in g  ponds had th e  low est 
dawn DO. A f te r  t h a t ,  no s i g n i f i c a n t  d i f f e r e n c e  i n  dawn DOs were 
o bserved  betw een s t a n d in g  ponds and b a le d  ponds. The sudden drop o f 
dawn DO i n  mid F eb ru a ry  (F ig .  2 and 3) was due to  th e  r i s i n g  tem pera­
t u r e  from mid 40 to  mid 50.
Among e a r ly - f l o o d e d  ponds d u r in g  th e  f i r s t  10 weeks p o s t  
f lo o d in g  (T ab le  A -2 ) , s t a n d in g  ponds had averag e  dawn DO of 1.2 mg/1, 
low er th a n  b a le d  (2 .3  mg/1) and d isk ed  (2 .6  mg/1) t r e a tm e n t s .  There 
were two, s i x ,  and th r e e  c r i t i c a l a v e r a g e  dawn DOs o f  l e s s  than  1.0 
mg/1 i n  b a le d ,  s t a n d i n g ,  and d isk ed  ponds , r e s p e c t i v e l y .  During t h i s  
same p e r io d ,  th e  av e rag e  dawn DO among l a t e - f l o o d e d  ponds was h ig h e s t  
i n  s ta n d in g  ponds (2 .8  m g /1 ) ,  fo l lo w ed  by d isk e d  ponds (2 .5  m g /l)  and 
b a le d  ponds (2 .0  m g / l ) .  T here  were two, o n e ,  and t h r e e  c r i t i c a l  dawn 
DOs i n  b a le d ,  s t a n d in g ,  and d isk ed  ponds , r e s p e c t i v e l y .  No c r i t i c a l  
dawn DOs o c c u r re d  i n  any t r e a tm e n t  a f t e r  th e  t e n t h  week p o s t  f lo o d in g ,  
a s  c o o l in g  te m p e ra tu re s  n o t  on ly  in c r e a s e d  th e  s o l u b i l i t y  o f  oxygen 
b u t  a l s o  low ered  th e  b io c h e m ic a l  oxygen demand.
The o v e r a l l  av e rag e  w a te r  t e m p e ra tu re  was o n ly  0 .3  C h ig h e r  in  
l a t e - f l o o d e d  ponds th a n  i n  e a r l y - f l o o d e d  ponds . T em pera tu res  f o r  th e  
f i r s t  10 weeks av erag ed  1 9 .7 ,  1 9 .1 ,  and 18.7  C i n  d i s k e d ,  b a le d ,  and 
s ta n d in g  ponds, r e s p e c t i v e l y  (T able  A -2 ) .  There  w ere no s i g n i f i c a n t  
te m p e ra tu re  d i f f e r e n c e s  among ponds t h a t  r e c e iv e d  d i f f e r e n t  r i c e  
s t r a w  d i s p o s a l s  t h e r e a f t e r .
* DO c o n c e n t r a t i o n  o f  l e s s  th a n  1 .0  m g /l  i s  c o n s id e re d  c r i t i c a l ,  
s i n c e  th e  LC^q v a lu e  f o r  9-12 mm c r a y f i s h  was e s t im a te d  to  be 
betw een 0 .8  m g/l and 1.1 m g /l  oxygen (Melancan and A v au lt  1978).
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T here  was no s i g n i f i c a n t  d i f f e r e n c e  (P<0.05) i n  n e t  daytime 
p h o to s y n th e s i s  betw een e a r ly - f l o o d e d  ponds (3 .8  m g /l)  and l a t e -  
f lo o d e d  ponds (3 .5  m g / l ) .  O v e ra l l  averag e  NDPs were 4 .2 ,  4 .2 ,  and 
3 .3  m g /l  f o r  b a le d ,  s t a n d i n g ,  and d isk ed  ponds, r e s p e c t i v e l y .  Before 
22 November 1978, NDP was h ig h e s t  i n  b a le d  ponds, b u t  s ta n d in g  ponds 
had th e  h i g h e s t  t h e r e a f t e r  (F ig .  4 ) .  The d isk ed  ponds g e n e r a l ly  had 
th e  lo w e s t  NDP (12 t im es  o u t  o f  18 m e a s u r in g s ) .  N ig h tt im e  r e s p i r a t i o n  
g e n e r a l ly  p a r a l l e l e d  NDP.
Very low l e v e l s  o f  n i t r o g e n  and p hosphate  were found in  a l l  
w a te r  sam ples from O ctober 1978 to  March 1979 (T ab le  A - 3 ( a ) , ( b ) ) .  
O v e ra l l  av e rag e  c o n c e n t r a t i o n s  were 0 .9  m g/l and 0 .1  m g/l f o r  t o t a l - N  
and t o t a l - P ,  r e s p e c t i v e l y .  There  was no t r e n d  i n  i n c r e a s e  or 
d e c r e a s e  of n u t r i e n t s  th ro u g h  t im e ,  and l i t t l e  d i f f e r e n c e s  in  
n i t r o g e n  and p h o sp h a te  were found between f lo o d in g  d a te s  o r  among 
d i s p o s a l s  o f  r i c e  s t ra w .
B efo re  mid F eb ru a ry  1979, th e  w a te r  was brow nish and t u r b i d  i n  
d is k e d  ponds and c l e a r  i n  bo th  b a le d  and s ta n d in g  ponds. A ll  ponds 
g r a d u a l ly  tu rn e d  y e l lo w is h - g r e e n  and t u r b i d ,  a s  th e  w ea th e r  became 
w arm er.
P e r ip h y to n
P e r ip h y to n  biom ass in c r e a s e d  s i g n i f i c a n t l y  th ro u g h  tim e (T able
1 and B - l ) .  When b a l e d ,  s t a n d in g ,  and d isk ed  pond t r e a tm e n ts  were
combined, a v e rag e  p e r ip h y to n  biom ass ov e r  18 weeks was s i g n i f i c a n t l y
2
(P<0.05) h ig h e r  i n  e a r ly - f l o o d e d  ponds (337 g/m ) th a n  i n  l a t e -
2
f lo o d e d  ponds (216 g/m ) (T ab le  1 ) . The p e r ip h y to n  b iom ass was a l s o  
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F ig .  4 .  Net daytim e p h o to s y n th e s i s  i n  b a le d  ponds (b— ) ,  s t a n d in g  ponds 
(s— ) 9 and d is k e d  ponds (d— f r om 27 September 1978 to  15 
A p r i l  1979, Ben Hur Farm, LSU.
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T ab le  1. Dry w e ig h t  (g/m ) o f  p e r ip h y to n  grown on th e  sam p le rs  i n  
ponds r e c e i v i n g  s i x  t r e a tm e n ts  o f  two f lo o d in g  d a te s  X 
t h r e e  d i s p o s a l s  o f  r i c e  s t ra w  f o r  t h r e e  d u r a t io n s  o f  
ex p o su re ,  Ben Hur Farm, LSU.
D u ra t io n
Exposure
o f  Date o f  
F lo o d in g Baled  ^—
D isp o sa ls  o f  
14S tan d in g  ' —
R ice Straw  
D isked  ^— Average
6  weeks E a r l y !j 159.4 364.4 265.4 263.1
L a te 180.1 273.7 130.4 194.7
Average 169.8 319.1 197.9 228.9
1 2  weeks E a r ly 325.9 454.2 258.4 346.2
L a te 166.0 281.6 116.4 188.0
Average 246.0 367.9 187.4 267.1
18 weeks E a r ly 407 .8 361.9 431.9 400.5
L a te 257.1 353.2 182.6 264.3
Average 332.5 357.6 307.3 332.5
Average E a r ly 297.7 393.5 318.6 336.6
L a te 2 0 1 . 1 302.8 143.1 215.7






Ponds were f lo o d ed  20 September 1978.
Ponds were f lo o d e d  15 O ctober 1978.
Ponds where th e  r i c e  s t r a w  was c o l l e c t e d  and p i l e d  i n t o  
heaps  on th e  bank.
Ponds where th e  r i c e  s t ra w  was l e f t  as was i n  th e  ponds.
Ponds where a l l  th e  r i c e  s t ra w  was d is k e d  underground 
ab o u t 5 -7 .5  cm deep .
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ponds a t  a l l  t h r e e  sam p lin g s .  At 18 w eeks, p e r ip h y to n  biomass were 
2
401 and 264 g/m f o r  e a r l y -  and l a t e - f l o o d e d  ponds, r e s p e c t i v e l y .
When e a r l y -  and l a t e - f l o o d e d  ponds were combined, averag e  p e r ip h y to n
2
biom ass o v e r  18 weeks were 348, 249, and 231 g/m f o r  s ta n d in g ,  b a le d ,
and d isk e d  ponds, r e s p e c t i v e l y .  At s i x  weeks and 12 weeks, p e r ip h y to n
biom ass was s i g n i f i c a n t l y  (P<0.05) h ig h e r  i n  s ta n d in g  ponds th an  in
b o th  b a le d  ponds and d is k e d  ponds. At 18 w eeks, p e r ip h y to n  biomass
2
was s i g n i f i c a n t l y  h ig h e r  i n  s ta n d in g  ponds (358 g/m ) th a n  i n  d isked  
2
ponds (307 g/m ) .  However, th e  d i f f e r e n c e  o f  p e r ip h y to n  biom ass
2
betw een s ta n d in g  ponds and b a le d  ponds (333 g/m ) was n o t  s i g n i f i c a n t .
A com parison  was made between p e r ip h y to n  biom ass and NDP to
d e te rm in e  i f  a c o r r e l a t i o n  e x i s t e d .  At s i x  w eeks, no s i g n i f i c a n t
c o r r e l a t i o n  was found , b u t  a t  1 2  and 18 weeks, th e  p e r ip h y to n  biomass
(G) was h ig h e r ly  c o r r e l a t e d  (P<0.001) w ith  th e  averag e  NDP (P) a f t e r
f lo o d in g  (F ig .  5 ) .  The h ig h e r  th e  p e r ip h y to n  b iom ass , th e  h ig h e r  th e
NDP, and v i s e  v e r s a .  The l i n e a r  r e g r e s s i o n  e q u a t io n s  were
P=2.14+0.51G and P = 2 .15+0.84G, a t  12 and 18 weeks, r e s p e c t i v e l y .
R e g a rd le s s  o f  t r e a t m e n t s ,  a  t - t e s t  was conducted  on th e  amount
o f  p e r ip h y to n  growth on h o r i z o n t a l  c y l in d e r s  v e r s u s  t h a t  on v e r t i c a l
c y l i n d e r s .  The d ry  w e ig h t  o f  p e r ip h y to n  on h o r i z o n t a l  c y l in d e r s  
2(159 g/m ') was s i g n i f i c a n t l y  h ig h e r  th a n  t h a t  on v e r t i c a l  c y l in d e r s  
(128 g/m2 ) .
R ice  Straw  D ecom position  and C:N R a t io  Dynamics
The w e ig h t  l o s s  (W) o f  r i c e  s t ra w  d u r in g  d eco m p o s it io n  was 
h ig h ly  c o r r e l a t e d  w i th  t im e  (T ) . The l i n e a r  r e g r e s s i o n  e q u a t io n s  
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F ig .  5 . L in e a r  r e g r e s s i o n  be tw een  a v e ra g e  n e t  d ay tim e  p h o to s y n th e s i s
(P) and p e r ip h y to n  b iom ass  (G) a t  12 weeks p e r io d  (x  ------ ,
P = 2 .15+0.84G, R2= 0 .6 5 * * ) and a t  18 weeks ( o  , P=2.14+0.51G ,
R2 = 0 .4 7 * * ) , Ben Hur Farm, LSU.
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and l a t e - f l o o d e d  ponds , r e s p e c t i v e l y  (F ig .  6 ) .
T here  were marked d i f f e r e n c e s  i n  d ecom pos ition  o f  r i c e  s t ra w  
among t r e a tm e n t s  (F ig .  7 , T ab le  A-4, T ab le  B - 2 ) . The f i r s t  month 
a f t e r  f l o o d i n g ,  t h e  w e ig h t  l o s s  o f  r i c e  s t ra w  i n  e a r ly - f lo o d e d  ponds 
(43%) was 19% h ig h e r  th a n  t h a t  i n  l a t e - f l o o d e d  ponds (24%). By the  
end o f  th e  f i f t h  month, however, th e  av e rag e  w e ig h t  l o s s e s  were 
a lm o s t  e q u a l  a t  67% and 61% f o r  e a r l y -  and l a t e - f l o o d e d  ponds, 
r e s p e c t i v e l y .
The f i r s t  month a f t e r  f l o o d in g ,  d ecom pos it ion  o f  r i c e  s t ra w  in  
d isk e d  ponds (29%), as compared to  t h a t  i n  b a le d  (37%) and s ta n d in g  
ponds (34%), was th e  s lo w e s t .  F ive  months l a t e r ,  b a le d  r i c e  s traw  
had th e  most r a p id  d eco m p o s it io n  w i th  an averag e  w e igh t lo s s  o f  77% 
as  compared w i th  67% i n  s ta n d in g  ponds and 49% i n  d isk e d  ponds (F ig .
7, Tab le  A -4 ) .
The C:N r a t i o s  f o r  decomposing r i c e  s t ra w  o v e r  a f i v e  month 
p e r io d  from d i f f e r e n t  t r e a tm e n t s  a r e  shown i n  T able  2. At f lo o d in g ,  
th e  C:N r a t i o  o f  r i c e  s t r a w  was 57. T here  was a g e n e r a l  t r e n d  in  
C:N r a t i o s  to  d e c r e a s e  th ro u g h  tim e i n  each t r e a tm e n t  (T ab le  2 ) .
The o v e r a l l  a v e rag e  C:N r a t i o  dropped s h a r p ly  to  44 d u r in g  th e  f i r s t  
month b u t  th e  drop  slowed down a f t e r  th e  f o u r th  month. There was no 
s i g n i f i c a n t  d i f f e r e n c e  i n  th e  r a t e  o f  C:N r a t i o  d e c l i n e  between 
e a r l y - f l o o d e d  and l a t e - f l o o d e d  ponds o v e r  f i v e  m onths. The C:N 
r a t i o  o f  r i c e  s t ra w  dropped to  l e s s  th an  17 a f t e r  mid F eb ru a ry  i n  
e a r l y - f l o o d e d  ponds , and a f t e r  l a t e  March i n  l a t e - f l o o d e d  ponds.
The r a t e  o f  C:N r a t i o  d e c l i n e  o v e r  f i v e  months was f a s t e s t  in  
b a le d  ponds ( a e r o b ic  d eco m p o s it io n )  fo l lo w ed  by s t a n d in g  ponds 
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6 . L in e a r  r e g r e s s i o n  be tw een  w e ig h t  l o s s  o f  r i c e  s t r a w  and tim e  of
d e co m p o s i t io n  f o r  e a r l y - f l o o d e d  ponds ( E •-------) and f o r  l a t e -
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F ig .  7 . The w e igh t l o s s  o f  r i c e  s t r a w  decomposed u n d e r  t r e a tm e n t s  o f
2  f lo o d in g  d a t e s :  e a r l y - f l o o d i n g  ( -------- ) and l a t e - f l o o d i n g
( — — •), and 3 d i s p o s a l s  o f  r i c e  s t r a w :  b a le d  ( b ) ,  s ta n d in g  
( s ) ,  and d isk e d  ( d ) ,  d u r in g  a  5-month p e r i o d ,  Ben Hur Farm, LSU.
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T ab le  2. Changes i n  C:N r a t i o  o f  r i c e  s t ra w  under s i x  t r e a tm e n ts
w i th  two f lo o d in g  d a te s  ( e a r ly  (E )-  and l a t e  (L ) - f lo o d in g )
X t h r e e  d i s p o s a l s  o f  r i c e  s t ra w  (b a le d ,  s t a n d in g ,  and d isked )  
th ro u g h  f i v e  p e r io d s  o f  deco m p o sit io n ,  Ben Hur Farm, LSU.
Months
P o s t
F lo o d in g






Straw D isp o sa ls
|4  15 S tand ing  ~  D is k e d '— Average
1 E Io 10/18 /78 36.60 41.74 46 .45 41.60
L £. 11/22 /78 41.78 46 .40 48.84 45.67
Average 39.19 44.07 47 .65 43.64
2 E 11/22 /78 27.49 28.50 39.60 31.86
L 12/18/78 32.69 36.09 47.71 38.83
Average 30.09 32.30 43 .66 35.35
3 E 12/18 /78 23.79 23 .93 31.20 26.31
L 1 /19 /79 24.35 25.21 38.69 29.42
Average 24.07 24.57 34.95 27.87
4 E 1/19 /79 15.90 16.17 27.49 19.85
L 2 /1 9 /7 9 17.39 19.25 22.98 19.87
Average 16.65 17.71 25.24 19.86
5 E 2 /1 9 /7 9 1 2 . 6 6 13.49 23.37 16.51
L 3 /1 8 /7 9 13.74 15.30 22.40 17.15
Average 13.20 14.40 22.89 16.83
* The i n i t i a l  C:N r a t i o  o f  r i c e  s t ra w  b e fo re  deco m p o s it io n  was 5 7 :1 .
— Ponds were f lo o d e d  20 September 1978.
— Ponds were f lo o d e d  15 O ctober 1978.
3
— Ponds where t h e  r i c e  s t r a w  was c o l l e c t e d  and p i l e d  i n t o  heaps 
on th e  bank.
4
— Ponds where th e  r i c e  s t ra w  was l e f t  a s  was i n  th e  ponds.
— Ponds where a l l  th e  r i c e  s t ra w  was d isk ed  underground about
5 - 7 .5  cm deep.
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d e c o m p o s i t io n ) .  The C:N r a t i o  d e c l in e  o f  r i c e  s t ra w  i n  s ta n d in g  ponds 
was c l o s e r  to  t h a t  i n  b a le d  ponds th a n  t h a t  i n  d isk ed  ponds, dropping  
to  17 a f t e r  fo u r  m onths ' decom posit ion  i n  b a le d  and s ta n d in g  ponds 
and 17 a f t e r  f i v e  m onths ' decom pos ition  in  d isk ed  ponds.
P o p u la t io n  Dynamics
I n i t i a l  S u r v iv a l  and Growth R ate  o f  C ra y f ish
R eg a rd le s s  o f  t r e a tm e n t ,  no s i g n i f i c a n t  c o r r e l a t i o n  was found 
betw een s u r v i v a l  and av e rag e  d iu r n a l  DO, minimum dawn DO, o r  average  
dawn DO d u r in g  th e  f o u r  week p e r io d .  S u rv iv a l  was i n v e r s e ly  r e l a t e d  
to  av erag e  w a te r  te m p e ra tu re  (F ig .  A - l ) .  In  o th e r  w ords , h ig h  w a te r  
te m p e ra tu re s  r e s u l t e d  i n  low s u r v i v a l  and v ic e  v e r s a .
S u r v iv a l  r a t e  o f  t h e  j u v e n i l e  c r a y f i s h  was s i g n i f i c a n t l y  h ig h e r  
in  l a t e - f l o o d e d  ponds (84%) th a n  i n  e a r ly - f l o o d e d  ponds (70%) a t  th e  
end o f  th e  fo u r  week p e r io d  (Table  A -5 ) . S u r v iv a l  r a t e s  d u r in g  th e  
f i r s t  two weeks were 95 and 8 6 % in  l a t e - f l o o d e d  and e a r ly - f lo o d e d  
ponds, r e s p e c t i v e l y ,  and 8 8  and 81% th e  l a s t  two w e e k s . No 
s i g n i f i c a n t  d i f f e r e n c e s  i n  s u r v i v a l  r a t e s  were found among b a led  
(74%), s t a n d in g  (80%), and d isk ed  (76%) r i c e  fo ra g e  t r e a tm e n ts  a t  th e  
end o f  th e  fo u r  week p e r io d .
C ra y f is h  growth r a t e  was i n v e r s e l y  c o r r e l a t e d  w ith  s u r v iv a l
(F ig .  A -2 ) ,  i . e . ,  h ig h  s u r v i v a l  r e s u l t e d  i n  low growth and v ic e
v e r s a .  I n c r e a s in g  DO c o n c e n t r a t io n s  and w a te r  te m p e ra tu re s  r e s u l t e d  
_
The l a s t  two weeks s u r v i v a l  r a t e  = ( th e  number o f  c r a y f i s h  t h a t  
su rv iv e d  a t  th e  end o f  th e  f o u r th  w eek /th e  number o f  c r a y f i s h  
t h a t  s u rv iv e d  a t  th e  end o f  th e  second w eek)* 1 0 0 %.
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i n  f a s t e r  growth d u r in g  th e  fo u r  week p e r io d  (F ig .  A-3 and A -4).
No s i g n i f i c a n t  d i f f e r e n c e s  i n  growth r a t e s  were found between 
e a r ly - f lo o d e d  ponds ( 9 .3  mm/4 weeks) and l a t e - f l o o d e d  ponds (8 .7  mm/4 
weeks) a t  th e  end o f  th e  fo u r  week p e r io d .  However, d u r in g  th e  f i r s t  
two w eeks, growth r a t e  was s i g n i f i c a n t l y  h ig h e r  i n  e a r ly - f lo o d e d  ponds 
(5 .8  mm/2 weeks) th a n  i n  l a t e - f l o o d e d  ponds (4 .3  mm/2 weeks) (Table 
A -5 ) . T h is  r e s u l t e d  from 4 .4  C h ig h e r  w a te r  te m p e ra tu re  a n d /o r  9% 
low er s u r v i v a l  i n  e a r ly - f lo o d e d  ponds than  i n  l a t e - f l o o d e d  ponds.
During th e  l a s t  two w eeks, growth r a t e  was u n ex p ec ted ly  h ig h e r  in  
l a t e - f l o o d e d  ponds (4 .5  mm/2 weeks) th an  i n  e a r ly - f lo o d e d  ponds (3 .6  
mm/2 w eek s) .  The growth r a t e s  a t  th e  end o f  fo u r  week p e r io d  were 
4 .0 ,  8 . 6 , and 9 .5  mm/4 weeks f o r  b a le d ,  s t a n d in g ,  and d isk ed  ponds, 
r e s p e c t i v e l y .  A lthough t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  in  
c r a y f i s h  growth among t r e a tm e n ts  o f  r i c e  s t ra w  d i s p o s a l s ,  t h e r e  was 
s i g n i f i c a n t  (P<0.05) i n t e r a c t i o n  between f lo o d in g  d a te s  and r i c e  
s t ra w  d i s p o s a l s .  The h i g h e s t  av erag e  growth r a t e  (1 0 .2  mm/4 w eek s) ,  
o b se rv ed  i n  e a r l y - f lo o d e d  ponds in  which r i c e  s t ra w  was d i s k e d ,  was 
a t t r i b u t e d  to  h ig h e r  w a te r  te m p e ra tu re s  and a low er s u r v i v a l  r a t e .
Growth
von B e r t a l a n f f y ' s  growth curve  (1938) was used to  d e s c r ib e  
c r a y f i s h  growth b eca u se  i t  f i t  d a t a  w e l l  (Romaire 1976; Chien 1978). 
Faben (1965) i l l u s t r a t e d  t h a t  th e  d i f f e r e n c e  betw een th e  a sy m p to t ic  
s i z e  ( Iq q )  and th e  a c t u a l  s i z e  o f  an o rgan ism  d e c re a s e s  e x p o n e n t i a l ly  
a t  a r a t e ,  k .  The l a r g e r  k i s ,  th e  more r a p id  i s  th e  d e c r e a s e .  Or, 
f o r  any g iv en  i n i t i a l  o rgan ism  s i z e  ( a t  th e  tim e  d e c r e a s in g  exponen­
t i a l  growth s t a r t s ) , a  l a r g e r  k means a s m a l le r  1 and th u s  s low er
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growth from t h a t  t im e  onward.
Both th e  growth r a t e  and a sy m p to t ic  l e n g th  o f  c r a y f i s h  were 
h ig h e r  i n  e a r l y - f lo o d e d  ponds (k=0.0550 1 ^ = 9 2 .2  mm) th a n  i n  l a t e -  
f lo o d ed  ponds (k= 0 .0896 , 1 ^ = 8 2 .7  mm) (F ig .  8 ) .  When e a r l y -  and 
l a t e - f l o o d e d  ponds were combined, th e  growth r a t e  was h ig h e s t  in  b a le d  
ponds , fo llo w ed  by s t a n d in g  ponds and d isk e d  ponds (F ig .  9 ) .  C ray f ish  
from th e  l a t e - f l o o d e d  b a le d  ponds had th e  h ig h e s t  growth r a t e  
(k=0.0171) and 1 (13 1 .5  mm) among th e  s i x  t r e a tm e n ts  (T ab le  A-6 ) .
C ra y f ish  from l a t e - f l o o d e d - d i s k e d  ponds had th e  lo w es t  growth r a t e  
(k=0.2387) and 1 (7 2 .5  mm) (T able  A-6 ) .
P o p u la t io n  D en s i ty  (CPUE) and S iz e  o f  C ra y f ish
The c a tc h  p e r  u n i t  o f  e f f o r t  (CPUE) i s  an in d ex  o f  abundance 
(R ick e r  1975). R ick e r  (1940) s t a t e d  t h a t  when a s i n g l e  homogeneous 
p o p u la t io n  i s  b e in g  f i s h e d ,  and when e f f o r t  i s  p r o p o r t i o n a l  to  th e  
r a t e  o f  f i s h i n g ,  CPUE i s  p r o p o r t i o n a l  to  th e  mean s to c k  p r e s e n t  d u r in g  
th e  tim e o f  f i s h i n g .  V u l n e r a b i l i t y  o f  c r a y f i s h  to  t r a p s  v a r i e s  w ith  
w a te r  te m p e ra tu re  (LaCaze 1976), th u s  on ly  th e  CPUE’s o b ta in e d  a t  th e  
same t r a p p in g  tim e w ere used  to  compare th e  abundance among t r e a t m e n t s .
The a v e rag e  CPUE (4 t r a p - d a y s ^ —) i n  number was c o n s i s t e n t l y  
h ig h e r  i n  l a t e - f l o o d e d  ponds th a n  i n  e a r ly - f l o o d e d  ponds w ith  an 
a v e rag e  d i f f e r e n c e  o f  42 c r a y f i s h / 4  t r a p - d a y  (F ig .  1 0 ) .  The av erag e  
i n d i v i d u a l  w e ig h t ,  i n  a cco rd an ce  w i th  l e n g th  b u t  i n  c o n t r a s t  to  CPUE 
i n  number, was h ig h e r  i n  e a r l y - f l o o d e d  ponds th a n  i n  l a t e - f l o o d e d  
ponds (F ig .  10). A p p a re n t ly ,  t h e r e  e x i s t e d  a  r e v e r s e  r e l a t i o n s h i p
* Two 6  mm mesh s i z e  t r a p s  and two 19 mm mesh s i z e  t r a p s  p e r  pond 
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F i g . 8 . von B e r t a l a n f f y ' s  g row th  c u r v e s ,  i n  l e n g th  (mm), o f  c r a y f i s h
from e a r l y - f l o o d e d  ponds ( e  ------, Lt= 9 2 .2 2 3 £ l - e " " ® * ^ ^ t + ^ ’ ^ ^ )  )
and l a t e - f l o o d e d  ponds ( l  , L t*  8 2 . 7 2 l [ l - e ~ ® * ^ ^ t + ^ ' ^ ^ J  ) ,
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Weeks A f te r  Flooding
F ig .  9 . von B e r t a l a n f f y ' s  g row th  c u r v e s ,  in  l e n g th  (mm), o f  c r a y f i s h
from b a le d  ponds ( b  , L t“ 101.5  ( l - e ” 0 « 0 2 8 6 ( t+ 2 7 .7) ^
s ta n d in g  ponds ( S  , L t« = 95 .4 (l-e - ^ * ® ^ ^ ^ t+ ^ * ^  ) ,  and
d isk ed  ponds ( d ~ — , L t=7 7 . 4 ( l - e  ® * ^ ^ 7 ( t+ 0 .8 )   ^ when e a r l y -  
and l a t e - f l o o d e d  ponds were com bined, Ben Hur Farm, LSU.
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F ig .  10. The c a tc h  p e r  u n i t  o f  e f f o r t  (two t r a p s /  
pond) and th e  s i z e ,  i n  w e ig h t  ( g ) , o f
c r a y f i s h  from e a r ly - f l o o d e d  ponds (E )
and l a t e - f l o o d e d  ponds (L ) ,  d u r in g










Crayfish Catch Per Unit o f  E ffort (4 Trap-days) in Number
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F ig .  11. The c a tc h  p e r  u n i t  o f  e f f o r t  (two t ra p s /p o n d )  
and th e  s i z e ,  i n  w e igh t (g ) ,  o f  c r a y f i s h  from
b a le d  ponds (b ) ,  s t a n d in g  ponds (s  ) ,
and d isk e d  ponds (d—  • — ) ,  ( e a r ly - f l o o d e d  
ponds and l a t e - f l o o d e d  ponds com bined), d u r in g  
2 December 1978 to  7 A p r i l  1979, Ben Hur Farm, 
LSU.
Crayfish Catch Per Unit o f  E ffort (4 Trap-days) in Number
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betw een p o p u la t io n  d e n s i t y  and s i z e  o f  c r a y f i s h .
When e a r l y -  and l a t e - f l o o d e d  ponds were combined, th e  low est 
a v e rag e  CPUE was found i n  d isk ed  ponds (F ig .  11); c r a y f i s h  from th e se  
ponds a l s o  had th e  lo w e s t  i n d i v i d u a l  w e ig h t .  The average  i n d iv id u a l  
w e ig h t  o f  c r a y f i s h  was h ig h e r  i n  s ta n d in g  ponds than  i n  e i t h e r  b a led  
o r  d isk e d  ponds a t  a l l  t im e s ,  and th e s e  d i f f e r e n c e s  in c re a s e d  
th ro u g h  tim e  (F ig .  11). Except f o r  th e  t h i r d  sam pling  i n  e a r l y -  
f lo o d e d  ponds (F ig .  A-5) and th e  f i r s t  t h r e e  sam plings in  l a t e -  
f lo o d e d  ponds (F ig .  A - 6 ) , th e  av erag e  CPUE i n  number was h ig h e s t  in  
b a le d  ponds.
The CPUE o f  h a r v e s t a b l e  c r a y f i s h  g e n e r a l ly  in c re a s e d  from the  
o n s e t  o f  th e  t r a p p in g  e f f o r t  f o r  a l l  t r e a tm e n t s .  Peak CPUE l e v e l s  
o c c u r re d  d u r in g  th e  end o f  March to  mid A p r i l  f o r  a l l  t r e a tm e n t s ,  
and d e c l in e d  r a p i d l y  a f t e r  mid A p r i l .  T rapp ing  e f f o r t  was te rm in a te d  
a f t e r  th e  CPUE dropped below 1.0 kg /8  t r a p - d a y s  f o r  most o f  th e  ponds. 
The CPUE-time cu rve  was l e f t - s k e w e d ,  w i th  slow CPUE in c r e a s e  b e fo re  
th e  p eak , and a sh a rp  d e c l i n e  a f t e r  th e  peak . The average  i n d iv id u a l  
w e igh t o f  h a r v e s t a b l e  c r a y f i s h  d e c l in e d  s h a r p ly  a f t e r  th e  CPUE 
re a ch e d  th e  peak (F ig .  12).
There  were more h a r v e s t a b l e - s i z e  c r a y f i s h  i n  l a t e - f l o o d e d  ponds 
th a n  i n  e a r l y - f l o o d e d  ponds b e f o r e  26 A p r i l  1979, b u t  w ith  s l i g h t l y  
more c r a y f i s h  i n  e a r l y - f lo o d e d  ponds t h e r e a f t e r  (F ig .  12). The 
o v e r a l l  CPUE's were 169 and 178 c r a y f i s h / 8  t r a p - d a y  f o r  e a r l y -  and 
l a t e - f l o o d e d  ponds , r e s p e c t i v e l y  (T able  A-7) (F ig .  12). The o v e r a l l  
av e rag e  i n d i v i d u a l  w e ig h t  o f  c r a y f i s h  i n  e a r ly - f l o o d e d  ponds (1 9 .8  g) 
was s i g n i f i c a n t l y  (P<0.05) h ig h e r  than  i n  l a t e - f l o o d e d  ponds (1 6 .7  g)
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F ig .  12. The c a tc h  p e r  u n i t  o f  e f f o r t  (8 t r a p s /p o n d )  
and th e  s i z e ,  i n  w e ig h t  (g) o f  h a r v e s ta b le
c r a y f i s h  from e a r ly - f lo o d e d  ponds (E )
and l a t e - f l o o d e d  ponds (L ) ,  d u r in g  2
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The c a tc h  p e r  u n i t  o f  e f f o r t  (8 t r a p s /p o n d )  
and th e  s i z e ,  i n  w e ig h t  (g) o f  h a r v e s t a b l e
c r a y f i s h  from b a le d  ponds (b ) ,  s ta n d in g
ponds (s  ) ,  and d isk e d  ponds (d—  • — ) ,
w hich were e a r ly - f l o o d e d  on 20 September 
1978, d u r in g  2 December 1978 to  29 May 1979, 
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F ig .  14. The c a tc h  p e r  u n i t  o f  e f f o r t  (8 t r a p s /p o n d )  
and th e  s i z e ,  i n  w e igh t (g) o f  h a r v e s t a b l e
c r a y f i s h  from b a le d  ponds (b ) , s ta n d in g
ponds (s  ) ,  and d is k e d  ponds (d—  • — ) ,
which were l a t e - f l o o d e d  on 15 O ctober 1978, 
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(T ab le  A -7 ) .  The d e n s i ty -d e p e n d e n t  growth was a g a in  i n  ev id en ce .
In  g e n e r a l ,  th e  av e rag e  number and in d i v i d u a l  w e ig h t  o f  
h a r v e s t a b l e  c r a y f i s h  was s i g n i f i c a n t l y  g r e a t e r  i n  s ta n d in g  ponds and 
b a le d  ponds than  i n  d isk e d  ponds (T able  A -7, B -3, B - 4 ) . Among e a r l y -  
f lo o d ed  ponds, th e  d is k e d  ponds had few er and s m a l le r  c r a y f i s h  than  
d id  b a le d  and s ta n d in g  ponds b e f o r e  26 A p r i l  1979. In  g e n e r a l ,  
s ta n d in g  ponds had a  h ig h e r  CPUE and l a r g e r  s i z e  o f  h a r v e s ta b le  
c r a y f i s h  b e f o r e  11 A p r i l  1979, b u t  b a le d  ponds had th e  l a r g e s t  
c r a y f i s h  t h e r e a f t e r  (F ig .  13). Among l a t e - f l o o d e d  ponds, excep t on 
a few o c c a s io n s ,  d isk e d  ponds had th e  lo w e s t  CPUE, and th e  c r a y f i s h  
showed th e  lo w e s t  i n d i v i d u a l  w e ig h ts  a f t e r  22 F eb ruary  1979. Baled 
ponds had th e  h i g h e s t  CPUE i n  number and th e  c r a y f i s h  had average  
i n d i v i d u a l  w e ig h ts  most o f  th e  tim e  (F ig .  14).
Y ie ld
The y i e l d  i n  w e ig h t  o f  h a r v e s t a b l e  c r a y f i s h  (>75 mm) from each 
pond i s  summarized i n  T ab le  3. The a n a l y s i s  o f  v a r i a n c e  f o r  y i e l d  
d i f f e r e n c e s  i n  t r e a tm e n t s  i s  shown i n  T ab le  B-6.
C ra y f is h  y i e l d  ranged  from 28 .2  kg/pond (559 /ha)  to  9 1 .3  kg/pond 
(1807 k g /h a ) .  The av e rag e  y i e l d  i n  e a r ly - f lo o d e d  ponds (1183 k g /h a )  
was n o t  s i g n i f i c a n t l y  (P>0.05) h ig h e r  th a n  t h a t  o f  l a t e - f l o o d e d  ponds 
(1127 k g /h a ) .  The av e rag e  y i e l d  o f  s ta n d in g  ponds (1506 k g /h a )  and 
b a le d  ponds (1157 k g /h a )  was s i g n i f i c a n t l y  (P<0.05) h ig h e r  than  th a t  
o f  d isk ed  ponds (803 k g / h a ) , b u t  th e  d i f f e r e n c e  i n  av e rag e  y i e l d  
betw een s ta n d in g  ponds and b a le d  ponds was n o t  s i g n i f i c a n t .  The 
h i g h e s t  av erag e  y i e l d  o f  1554 k g /h a  was o b serv ed  i n  e a r ly - f lo o d e d  
ponds w i th  s ta n d in g  r i c e  s t r a w .  The two lo w e s t  a v e rag e  c r a y f i s h
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T ab le  3. P r o d u c t io n  (k g /h a )  o f  h a r v e s t a b l e  c r a y f i s h  (>75 mm) from 
2 December 1978 to  29 May 1979 from s i x  t r e a tm e n ts  o f  two 
f lo o d in g  d a te s  X th r e e  d i s p o s a l s  o f  r i c e  s t r a w ,  Ben Hur 
Farm, LSU.
D ates o f  
F lo o d in g Baled  ^
D is p o s a ls  o f  Rice
1  C J -  1— S ta n d in g 1
Straw
2 |3D isked I 4A verage ' —
Pond no • Pond no • Pond no •
E a r ly - 1 698 8 1143 2 684
f lo o d in g 6 1628 16 1807 4 1025
(2 0 /9 /7 8 ) 13 1194 18 1713 9 753
Average 1173 1554 821 1183
L a te - 7 1379 3 1483 10 559
f lo o d in g 11 1076 5 1551 12 952
(1 5 /1 0 /7 8 ) 15 967 17 1336 14 841
Average 1141 1457 784 1127
A I 5verage — 1157 1506 803
— Ponds where th e  r i c e  s t r a w  was c o l l e c t e d  and p i l e d  i n t o  heaps 
on th e  bank.
2— Ponds where th e  r i c e  s t r a w  was l e f t  a s  was i n  th e  ponds.
3
— Ponds where a l l  th e  r i c e  s t ra w  was d is k e d  underground abou t 
5 - 7 .5  cm deep .
4
— D is p o s a ls  o f  r i c e  s t r a w  combined a v e rag e .
— F lo o d in g  d a te s  combined av e rag e .
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y i e l d s  were o b ta in e d  from b o th  d isk ed  ponds w i th  821 and 803 k g /h a  i n  
e a r l y -  and l a t e - f l o o d e d  ponds , r e s p e c t i v e l y .
Y i e l d - E f f o r t  Curve
When cu m u la tiv e  y i e l d  was p l o t t e d  a g a i n s t  cu m u la tiv e  f i s h i n g
e f f o r t ,  an S -shaped  c u rv e ,  r e f e r r e d  to  a s  y i e l d - e f f o r t  curve  (F ig .
1 5),  was o b ta in e d .  The cu m u la tiv e  y i e l d  in c r e a s e d  s low ly  as  t r a p p in g
began when few c r a y f i s h  reach ed  h a r v e s t a b l e  s i z e .  When th e  mode o f
th e  p o p u la t io n  re a ch e d  h a r v e s t a b l e  s i z e ,  th e  s lo p e  became s t e e p .
The cu rve  l e v e l e d  and ta p e r e d  o f f  a t  th e  end o f  th e  s e a s o n ,  a t  which
tim e h a r v e s t a b l e  c r a y f i s h  were few er in  number and s m a l le r  i n  s i z e .
-K .x  MAn a sy m p to t ic  r e g r e s s i o n  e q u a t io n  Y=A, ( l - e  ) was used  to  
r e p r e s e n t  t h i s  y i e l d - e f f o r t  c u rv e .  Y was th e  cu m u la t iv e  c a tc h  in  
w e ig h t  and x was th e  cu m u la t iv e  f i s h i n g  e f f o r t .  M a th e m a t ic a l ly ,  th e  
K s p e c i f i e s  th e  c u r v a tu r e  o f  th e  s o l u t i o n ,  th e  A th e  a sy m p to t ic  v a lu e  
( G a l lu c c i  and Quinn 1979), and M and K th e  l o c a t i o n  o f  i n f l e c t i o n  
p o i n t .  The K and M a r e  p o s i t i v e l y  c o r r e l a t e d .  The A in v e r s e l y  
c o r r e l a t e d  w i th  b o th  M and K. The cu rve  w i th  th e  h ig h e r  v a lu e  o f  M 
and k h a s  a low er v a lu e  o f  A. The model was chosen  b eca u se  i f  f i t  
q u i t e  w e l l  on th e  o b se rv ed  d a t a .  F u r th e rm o re ,  i t  h a s  b i o l o g i c a l  
s i g n i f i c a n c e .  The b i o l o g i c a l  c o n s i d e r a t i o n s  im ply t h a t  A i s  th e  
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Cumulative Fishing E ffo r t  (8 traps-day/pond)
F ig .  15. The y i e l d  ( Y ) - e f f o r t  (X) o f  c r a y f i s h  from e a r ly - f lo o d e d  ( t » ----- , Y «1251(l-e  2098X^3.4176^
and l a t e - f l o o d e d  ponds ( l  , Y=1141 ( i _ e _ 0 ‘ 2 9 6 * X ) 5 , 3 5 0 8 )  d u r in g  2 December 1978 and 29 u j
May 1979, Ben Hur Farm, LSU.
ap p ro ach ed , and i n d i c a t e s  when th e  peak c a tc h  s t a r t s .
E a r ly - f lo o d e d  ponds had a h ig h e r  p o t e n t i a l - y i e l d  (1251 k g /ha)  
th a n  l a t e - f l o o d e d  ponds (1141 k g /h a )  (F ig .  15 and T able  A - 7 ) . The 
d i f f e r e n c e s  betw een p o t e n t i a l - y i e l d  and a c t u a l  y i e l d  were 68 and 
14 kg /h a  f o r  e a r l y -  and l a t e - f l o o d e d  ponds, r e s p e c t i v e l y .  The y i e l d -  
e f f o r t  cu rv e  showed t h a t  among e a r ly - f lo o d e d  ponds, th e  s ta n d in g  
ponds had th e  h ig h e s t  p o t e n t i a l  y i e l d  o f  1672 k g /h a  which was 118 
k g /h a  more th an  th e  a c t u a l  y i e l d  (F ig .  A -7).  With th e  sm all  v a lu e  
o f  c u r v a tu r e  K, and l a r g e  d i f f e r e n c e  o f  p o t e n t i a l  and a c t u a l  y i e l d s ,  
c r a y f i s h  i n  s ta n d in g  ponds would be w orthy o f  f u r t h e r  e x p l o i t a t i o n .  
Among l a t e - f l o o d e d  ponds , s ta n d in g  ponds a g a in  had th e  h ig h e s t  
p o t e n t i a l  y i e l d  o f  1527 k g /h a  (F ig .  A -8 ) . The p o t e n t i a l  y i e l d s  were 
1141 and 784 k g /h a  f o r  b a le d  ponds and d isk e d  ponds, r e s p e c t i v e l y .
The d i f f e r e n c e s  between p o t e n t i a l  y i e l d  and a c t u a l  y i e l d  were 3 and 
9 k g /h a  f o r  b a le d  ponds and d isk ed  ponds, r e s p e c t i v e l y .  The sm all  
d i f f e r e n c e  between p o t e n t i a l  y i e l d  and a c t u a l  y i e l d  means t h a t  th e  
b i o l o g i c a l  maximum y i e l d  h a s  been f u l l y  e x p l o i t e d .  When e a r l y -  and 
l a t e - f l o o d e d  ponds were combined, th e  d i f f e r e n c e s  between p o t e n t i a l
* The i n f l e c t i o n  p o in t  (Anton 1980) i s  o b ta in e d  a s  fo l lo w s :
Y = A * ( l - e  ^  X) ^  th e  f i r s t  p a r t i a l  d e r i v a t i v e  o f  Y w ith  r e s p e c t i v e
to  x i s  = A*M*K(l-e ^  x ) ^  ^*e ^  X (M*e ^  X- l )  th e  second p a r t i a l
d e r i v a t i v e  o f  Y w i th  r e s p e c t i v e  to  x i s
d^Y . „  „2 -K'XvM-2 -K * x ,„  -K -x  , N . c . „  ,■j—2  -  A‘M*K (1 -e  ) e (M*e -1 )  s i n c e  none o f  A, M, andUX n
d YK e q u a l  to  z e ro  to  s a t i s f y  - ^ 2  = 0 , and th e  s o l u t i o n s  a r e  x=0
ln(M) o r  x =  Tr  •
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y i e l d  and a c t u a l  y i e l d  were 63 k g /h a  f o r  s ta n d in g  ponds , 27 k g /h a  f o r  
b a le d  ponds , and 9 k g /h a  f o r  d isk ed  ponds.
The d i f f e r e n c e s  i n  i n f l e c t i o n  p o in t  v a lu e s  among d i s p o s a l s  o f  
r i c e  s t r a w  i n  e a r l y - f lo o d e d  ponds were more pronounced th a n  th o se  i n  
l a t e - f l o o d e d  ponds (T ab le  A -7 ) .  In  o th e r  w ords , th e  peak ca tch  
s t a r t e d  a t  d i f f e r e n t  t im es  f o r  e a r ly - f lo o d e d  ponds, b u t  a t  s im i l a r  
t im es  f o r  l a t e - f l o o d e d  ponds. Among th e  s i x  t r e a tm e n t s ,  th e  peak 
c a tc h  came i n  th e  l a t e s t  i n  e a r ly - f l o o d e d - d i s k e d  ponds, a t  a t o t a l  
o f  6 .6  u n i t  f i s h i n g  e f f o r t  (8 t r a p - d a y ) . When e a r l y -  and l a t e -  
f lo o d ed  ponds were combined, d isk e d  ponds n o t  on ly  had th e  l e a s t  
p o t e n t i a l  y i e l d ,  b u t  a l s o  th e  l a t e s t  peak c a tc h .  The h ig h  A v a lu e  
o f  th e  y i e l d - e f f o r t  cu rve  i n  s ta n d in g  ponds was p ro b ab ly  due to  i t s  
low c u r v a tu r e  v a lu e  o f  0 .2255 . The s u s ta in e d  h ig h  CPUE i n  s ta n d in g  
ponds r e s u l t e d  i n  t h e i r  h ig h  p o t e n t i a l  y i e l d .
DISCUSSION
Water Q u a l i ty
D is so lv e d  Oxygen and Tem perature
R ice  s t ra w  i n  e a r ly - f l o o d e d  ponds had been  decay ing  f o r  a lo n g e r  
p e r io d  o f  tim e th a n  t h a t  i n  l a t e - f l o o d e d  ponds when m easured. Since 
l e s s  r i c e  s t ra w  rem ained  i n  e a r ly - f lo o d e d  ponds, l e s s  0 ^ was consumed, 
r e s u l t i n g  i n  c o n s i s t e n t l y  h ig h e r  dawn DO i n  e a r ly - f lo o d e d  ponds.
From th e  second to  th e  f i f t h  week a f t e r  f lo o d in g ,  th e  average  
d iu r n a l  DO was h i g h e s t  i n  ponds w ith  b a le d  r i c e  s t r a w ,  s in c e  l e s s  
decom pos ition  took  p la c e  i n  w a te r  column th an  i n  s ta n d in g  and d isk ed  
t r e a tm e n t s .  Lowest d i u r n a l  DO was found where r i c e  s t ra w  was d isk ed  
i n t o  th e  s o i l  and decayed a n a e r o b i c a l l y .  D isk ing  s o i l  i n c r e a s e d  
s o i l - w a t e r  c o n ta c t  a re a  and w a te r  t u r b i d i t y .  The e n la rg e d  o x id iz in g  
s u r f a c e  a re a  o f  th e  s o i l  and th e  h ig h  c o n c e n t r a t io n  o f  suspended 
p a r t i c u l a t e  m a t t e r  and c o l l o i d a l  o rg a n ic  m a t t e r  i n  w a te r  r e s u l t e d  in  
th e  g r e a t e s t  oxygen consum ption .
The low er dawn DOs i n  s ta n d in g  ponds a s  compared w ith  DO i n  
b a le d  and d isk ed  ponds from th e  f i f t h  week to  e le v e n th  week a f t e r  
f lo o d in g ,  r e f l e c t e d  th e  h ig h e r  oxygen consum ption d u r in g  decay o f  
v a s t  amount o f  r i c e  s t r a w .  I t  r e s u l t e d  m ain ly  from h ig h e r  decomposi­
t i o n  r a t e  o f  r i c e  s t ra w  i n  s ta n d in g  ponds ( p a r t i a l  a e r o b ic  decomposi­
t i o n )  th a n  i n  d isk e d  ponds (a n a e ro b ic  d e c o m p o s i t io n ) ; th e  fo rm er had 
h ig h e r  oxygen demand. The suspended o rg a n ic  p a r t i c l e s  i n  d isk e d  ponds , 
w hich had been r a p i d l y  o x id iz e d  d u r in g  th e  f i r s t  5 weeks (a s  shown by
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low DO v a l u e s ) ,  had a  m inor e f f e c t  on oxygen consum ption. Oxygen 
t r a n s p o r t  i n  f lo o d e d  system s depends l a r g e l y  on s u r f a c e  w a te r  
tu rb u le n c e  (B ou ld in  1968). S ince  t h e r e  was l i t t l e  r i c e  s traw  
rem a in ing  i n  th e  w a te r  column i n  d isk e d  ponds, th e  h ig h e s t  dawn DOs 
i n  d is k e d  ponds f i v e  weeks a f t e r  f lo o d in g  were p a r t l y  due to  b e t t e r  
t r a n s p o r t  of DO a t  th e  a i r - w a t e r  i n t e r f a c e  and b e t t e r  c i r c u l a t i o n  i n  
th e  pond. T h is  f a c t o r  was e s p e c i a l l y  im p o r ta n t  i n  w in te r  when i t  
was windy.
D uring th e  f i v e  weeks a f t e r  f l o o d i n g ,  sh ad in g  by r i c e  s traw  in  
s ta n d in g  ponds c o n t r ib u te d  to  th e  lo w e s t  averag e  te m p e ra tu re  (2 1 .A C) 
H ig h es t  av erag e  w a te r  te m p e ra tu re  i n  d isk ed  ponds (2 2 .6  C) was m ainly  
due to  g r e a t e r  a b s o r p t io n  o f  s o l a r  r a d i a t i o n  by suspended p a r t i c l e s  
i n  t u r b id  w a te r  (Boyd 1979).
N u t r i e n t s
I t  was e x p ec ted  t h a t  e a r l y - f l o o d e d  ponds would have r e l e a s e d  
h ig h e r  amounts o f  n u t r i e n t s  than  l a t e - f l o o d e d  ponds , due to  r a p id  
d ecay ing  o f  r i c e  s t ra w  under warmer w a te r  i n  e a r ly - f lo o d e d  ponds. 
P a t r i c k  e t  a l .  (1973) i n d i c a t e d  t h a t  th e  r e l e a s e  o f  phospha te  o ccu rs  
under c o n d i t io n s  o f  low o x id a t i o n - r e d u c t i o n  p o t e n t i a l  in  com bina tion  
w i th  low pH. F e rm e n ta t io n  p r o d u c t s ,  a c e t i c  a c i d ,  b u t y r i c  a c i d s ,  and 
o th e r  o r g a n ic  a c id s  under  a n a e ro b ic  d ecom pos it ion  o f  r i c e  s t ra w  may 
r e s u l t  i n  low s o i l  pH th u s  f a v o r in g  ph o sp h a te  r e l e a s e .  P a t r i c k  and 
K ha lid  (1974) d e m o n s tra ted  t h a t  a n a e ro b ic  s o i l  r e l e a s e d  more phospha t 
t o  s o i l  s o l u t i o n  low i n  s o lu b l e  p h o sp h a te  th a n  d id  a e r o b ic  s o i l .  In  
a d d i t i o n  to  p h o sp h a te ,  h ig h e r  amounts o f  n i t r o g e n  were a l s o  e x p ec ted  
i n  d isk e d  ponds th a n  i n  b a le d  and s t a n d in g  ponds. R ice  s t ra w  t h a t
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decomposed a n a e r o b i c a l l y  r e l e a s e s  fo u r  to  s i x  t im es  more n i t r o g e n  
r i c e  s t r a w  t h a t  i s  d ecay in g  a e r o b i c a l l y  (Acharya 1935a and S i r c a r  
1940). In  an a n a e ro b ic  env ironm en t,  o x id iz e d  n i t r o g e n  was e v e n tu a l ly  
reduced  to  n i t r o g e n o u s  g ases  ^ 0 )  and t h i s  r e s u l t e d  i n  s i g n i f i ­
c a n t  n i t r o g e n  l o s s e s  from f lo o d e d  s o i l s  (B roadbent and S to jan o v ic  
1952; P a t r i c k  1960; Reddy e t  a l .  1976) and from th e  w a te r  o v e r ly in g  
red u ced  sed im en ts  (E n g le r  and P a t r i c k  1974). Large q u a n t i t i e s  of 
gas b u b b l in g  up i n  d isk e d  ponds were observed  when th e  pond bottom 
was d i s t u r b e d .  I t  was h y p o th e s iz e d  t h a t  fewer n u t r i e n t s  e x i s t e d  in  
b a le d  ponds th a n  i n  s ta n d in g  ponds, s in c e  th e  c u t  p a r t  o f  r i c e  
s t ra w  o f  b a le d  ponds decayed on th e  bank.
An i n s i g n i f i c a n t  d i f f e r e n c e  in  n u t r i e n t s  among th e  t r e a tm e n ts  
th rough  tim e and a low l e v e l  o f  n u t r i e n t s  i n  a l l  t r e a tm e n ts  were 
found . That was a t t r i b u t e d  to  th e  im m ediate a s s i m i l a t i o n  o f  n u t r i e n t s  
by a u to t r o p h s  a s  soon as  they  were r e l e a s e d  from d ecay ing  r i c e  s t ra w . 
Cole (1975) s t a t e d  t h a t  on ly  t r a c e s  o f  s o lu b le  o r th o p h o s p h a te  can be 
found i n  w a te r  when p h o to s y n th e s i s  i s  p ro c e ed in g  a t  a  good r a t e ,  
s in c e  s o lu b l e  o r th o p h o sp h a te  i s  im m edia te ly  used by a u to t r o p h s .
R ig l e r  (1964) a l s o  p ro v id e d  ev id en ce  from h i s  t r a c e r  s tu d y  t h a t  
p h o sp h a te  was r a p i d l y  a b so rb ed  by th e  p la n k to n .  T hat th e  w a te r  in  
a l l  ponds g r a d u a l ly  tu rn e d  y e l lo w is h -g re e n  was an i n d i c a t i o n  o f  th e  
b u i l d i n g  up o f  an a u to t ro p h  community.
P e r ip h y to n
D i f f e r e n c e s  i n  p e r ip h y to n  biom ass among t r e a tm e n ts  w ere  due 
m a in ly  to  d i f f e r e n c e s  i n  s u r f a c e  a r e a  f o r  a t ta ch m e n t  and amounts o f  
a v a i l a b l e  n u t r i e n t s .  With th e  f a v o r a b le  c o n d i t io n s  o f  warmer
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te m p e ra tu re s  and g r e a t e r  n u t r i e n t  a v a i l a b i l i t y  th ro u g h  f a s t e r  
d ecay in g  o f  r i c e  s t r a w ,  p e r ip h y to n  i n  e a r ly - f lo o d e d  ponds e s t a b l i s h e d  
f a s t e r  th a n  t h a t  i n  l a t e - f l o o d e d  ponds. The h ig h e s t  amount o f  
p e r ip h y to n  b iom ass o c c u r re d  i n  s ta n d in g  ponds, fo l lo w ed  by b a le d  and 
d is k e d  ponds . The d i s p o s a l s  o f  r i c e  s t ra w  a f f e c t e d  a t ta ch m e n t  a re a s  
f o r  p e r ip h y to n .  The a t ta c h m e n t  a r e a  was h ig h e s t  i n  s ta n d in g  ponds, 
fo llo w ed  by b a le d  ponds and d isk ed  ponds. S in ce  r i c e  s t ra w  on the  
bank decayed f a s t e r  under a e r o b ic  env ironm en t, even when i t  was pu t 
back i n t o  th e  ponds, th e  t o t a l  s u b s t r a t e  ( r i c e  s t ra w  b iom ass) in  
b a le d  ponds was s t i l l  l e s s  than  i n  s ta n d in g  ponds. As p re v io u s ly  
m en tio n ed , th e  su p p ly  o f  n u t r i e n t s  were h ig h e s t  in  s ta n d in g  ponds, 
fo llo w ed  by b a le d  and d is k e d  ponds.
Net Daytime P h o to s y n th e s i s  and P e r ip h y to n
Net day tim e p h o to s y n th e s i s  (NDP) was measured by th e  d i f f e r e n c e  
between dusk and dawn DO. S tan d in g  ponds g e n e r a l ly  had th e  h ig h e s t  
NDP, r e s u l t i n g  from th e  h ig h e s t  dusk DO and lo w es t  dawn DO. Goyert 
e t  a l .  (1975) p o s t u l a t e d  t h a t  th e  m i n e r a l i z a t i o n  o f  o rg a n ic  
m a t e r i a l s  s e rv e d  to  s t i m u l a t e  p e r ip h y to n  grow th . D uring decay , r i c e  
s t ra w  r e l e a s e d  l a r g e  amounts o f  n u t r i e n t s ,  w hich were u t i l i z e d  by 
p h o to t r o p h s .  V ast amounts o f  r i c e  s t ra w  in  s ta n d in g  ponds p ro v id ed  
l a r g e  a t ta c h m e n t  a r e a s  t h a t  fav o red  p e r ip h y to n  grow th . High p o p u la ­
t i o n s  o f  p h o to t ro p h s  r e s u l t e d  in  h ig h  DOs a t  dusk i n  s t a n d in g  ponds. 
C o n v e rse ly ,  a e r o b ic  decay  o f  v a s t  amounts o f  r i c e  s t r a w  and the  
r e s p i r a t i o n  o f  a  h ig h  p o p u la t io n  o f  p h o to t ro p h s  l e d  to  t h e  lo w est  
dawn DO i n  s t a n d in g  ponds.
Disked ponds g e n e r a l l y  had th e  low est NDP, r e s u l t i n g  from lower 
dusk DO and h ig h e r  dawn DO. The lower dusk DO was a t t r i b u t e d  to  two 
a c t o r s .  F i r s t ,  th e  low er p h o to tro p h  p o p u la t io n  r e s u l t e d  i n  l e s s  
p h o to s y n th e t i c  a c t i v i t y  and oxygen p ro d u c t io n .  The r e l e a s e d  n i t r o g e n  
from decay in g  r i c e  s t r a w  p ro b ab ly  was l a t e r  d e n i t r i f i e d  as  gaseous 
N2  a n d /o r  ^ 0 ,  which cou ld  n o t  be u t i l i z e d  by th e  a u to t ro p h s  in  th e  
w a te r  column. T h is  was m a n ife s te d  by th e  lo w es t  averag e  p e r ip h y to n  
dry  w e igh t i n  d isk e d  ponds. Second, th e  t u r b i d i t y  reduced  l i g h t  
p e n e t r a t i o n  and d e c re a se d  p h o to s y n th e s i s .  The a n a e ro b ic  decay o f 
r i c e  s t ra w  and th e  r e s p i r a t i o n  o f  a low p o p u la t io n  o f  p h o to tro p h s  
consumed l e s s  oxygen and le d  to  h ig h e r  dawn DO i n  d isk e d  ponds.
The l a c k  o f  r e l a t i o n s h i p  between p e r ip h y to n  growth and average  
NDP f o r  th e  f i r s t  s i x  weeks o f  sam pling  was b ecau se  th e  p e r ip h y to n  
community was n o t  w e l l  e s t a b l i s h e d ,  w ith  concom itan t low pho tosyn ­
t h e t i c  a c t i v i t y .  P e r ip h y to n  growth was h ig h ly  c o r r e l a t e d  (P<0.001)
w ith  th e  a v e rag e  NDP f o r  12 and 18 weeks o f  sam plings  w ith  th e
2
c o e f f i c i e n t  o f  d e te r m in a t io n  (R ) o f  0 .65  and 0 .4 7 .  In  o th e r  w ords, 
65% and 47% o f  th e  v a r i a t i o n  o f  p h o to s y n th e s i s  can be e x p la in e d  by 
th e  v a r i a t i o n  o f  p e r ip h y to n  abundance a t  th e  second and th e  t h i r d  
sam p lin g ,  r e s p e c t i v e l y .
R ice  Straw  D ecom position  R ate  and C:N R a t io  Dynamics
The d eco m p o s it io n  o f  o r g a n ic  m a t t e r  depends m ain ly  on tem pera­
t u r e ,  oxygen su p p ly ,  m o is tu r e ,  pH, in o r g a n ic  n u t r i e n t s ,  and i n i t i a l  
C:N r a t i o  o f  th e  d ecay in g  m a t t e r .  The p o s i t i v e  c o r r e l a t i o n  betw een 
w a te r  te m p e ra tu re  and m ic r o b ia l  a c t i v i t y  was th e  p r im ary  e x p la n a t io n
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f o r  th e  d ecom pos it ion  r a t e  o f  r i c e  s t ra w  th rough  tim e. A ch ary a 's  
(1935b) exper im en t showed t h a t  a n a e ro b ic  d ecom pos it ion , as  judged by 
th e  l o s s  o f  d ry  m a t te r  and t o t a l  w e igh t o f  p ro d u c ts  o b ta in e d ,  
in c r e a s e s  w i th  te m p e ra tu re s  from 20 to  30 C. The r a p id  i n i t i a l  
d ecom posit ion  o f  r i c e  s t ra w  in  a l l  t r e a tm e n ts  d u r in g  th e  f i r s t  month 
a f t e r  f lo o d in g  was due to  h ig h  te m p e ra tu re s  coupled  w ith  th e  r a p id  
le a c h in g  and o x id a t io n  o f th e  w a te r - s o l u b l e  f r a c t i o n  o f  r i c e  s traw  
c o n s t i t u e n t s .  Rapid  l o s s  o f  s o lu b le  l e a c h a t e s  such as s o lu b le  
c a rb o h y d ra te s  (su g a r  and s t a r c h e s )  and d i s s o lu b l e  n i t r o g e n  p robab ly  
accoun ted  f o r  th e  r a p id  w eigh t lo s s  o f  decay ing  r i c e  s t ra w .  The 
h ig h e r  av e rag e  w a te r  te m p e ra tu re  th e  f i r s t  month a f t e r  f lo o d in g  in  
e a r ly - f l o o d e d  ponds (24 .5  C) than  t h a t  i n  l a t e - f lo o d e d  ponds (20 .5  C) 
e x p la in e d  th e  h ig h e r  w e igh t lo s s  o f  r i c e  s t ra w  in  e a r ly - f lo o d e d  ponds 
(43%) th an  i n  l a t e - f l o o d e d  ponds (24%).
Acharya ( 1935a,b) dem onstra ted  t h a t  decom position  o f  r i c e  s traw  
was most r a p id  in  a e ro b ic  en v iro n m en ts ,  s low er under w a te r lo g g ed  
c o n d i t i o n s ,  and l e a s t  pronounced under com plete  a n a e r o b i o s i s . In  
c o r r o b o r a t io n  w i th  A c h a ry a 's  r e s u l t s ,  a t  the  end o f  f i v e  months in  
t h i s  s tu d y ,  th e  l i t t e r  bag w e ig h t  l o s s e s  o f  r i c e  s traw  were 75, 64, 
and 45% f o r  b a l e d ,  s t a n d in g ,  and d isk ed  ponds, r e s p e c t i v e l y .  Tenny 
and Waksman (1930) a l s o  found t h a t  a n a e ro b ic  decom position  was 
s lo w er  than  a e r o b ic  decom posit ion  r e g a r d l e s s  o f  th e  type  o f  p l a n t  
m a t e r i a l .  They found t h a t  complex p o ly s a c c h a r id e s  decomposed tw ice  
a s  f a s t  under a e r o b ic  a s  under a n a e ro b ic  c o n d i t io n s  d u r in g  th e  f i r s t  
fo u r  weeks. The d i f f e r e n c e s  betw een deco m p o sit io n  r a t e s  under a e r o b ic  
and a n a e ro b ic  c o n d i t io n s  can be e x p la in e d  by th e  types  o f  m icro­
o rgan ism s in v o lv e d  i n  th e  d ecay in g  p ro c e s s e s  and t h e i r  r e s p i r a t i o n
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energy e f f i c i e n c y .  M ic ro b ia l  decom position  o f  o rg a n ic  m a t te r  i n  an 
a e r o b ic  env ironm ent i s  accom plished  by a wide group o f  m icroorgan ism s 
( f a c u l t a t i v e  m ic r o b e s ) , whose r e s p i r a t i o n  i s  a s s o c i a t e d  w ith  h igh  
energy  r e l e a s e .  T h e r e f o r e ,  decom posit ion  o f  s u b s t r a t e  p ro ceed s  a t  a 
r a p id  r a t e .  On th e  o t h e r  hand, a n a e ro b ic  decom position  i s  a lm ost 
e n t i r e l y  dependent on th e  a c t i v i t i e s  o f  a n a e ro b ic  b a c t e r i a .  S ince 
a n a e ro b ic  b a c t e r i a  o p e ra te  a t  a much low er energy  l e v e l ,  they  a re  
much l e s s  e f f i c i e n t  th a n  a e ro b ic  f l o r a .  C o nsequen tly , th e  p ro c e ss e s  
o f  deco m p o s it io n  a r e  much s low er i n  a n a e ro b ic  c o n d i t io n s  th a n  in  
a e r o b ic  c o n d i t i o n s .  In  d isk ed  ponds, th e  r i c e  s t ra w  had c lo s e  
c o n ta c t  w i th  s o i l ;  however, th e  i n e f f i c i e n c y  o f  more r e s t r i c t e d  
a n a e ro b ic  b a c t e r i a  r e s u l t e d  in  i t s  s low er deco m p o sit io n .
R u s s e l l -H u n te r  (1971) s t a t e d  t h a t  th e  C:N r a t i o  i s  o f  c o n s id e r ­
a b le  v a lu e  i n  a s s e s s i n g  th e  n u t r i t i o n a l  v a lu e  o f  d i e t a r y  s u b s ta n c e s .
A C:N r a t i o  o f  17:1 o r  low er i s  r e q u i r e d  f o r  ad eq u a te  an im al n u t r i ­
t i o n .  A h ig h e r  r a t i o  co u ld  r e s u l t  i n  p r o t e i n  d e f i c i e n c y .  Goyert 
e t  a l .  (1975) and Chien (1978) used changes i n  C:N r a t i o s  as  an in d ex  
o f  th e  n u t r i t i o n a l  v a lu e  o f  p l a n t  m a te r i a l  to  c r a y f i s h .  D uring th e  
d ecom posit ion  o f  p l a n t  m a t e r i a l ,  ca rbonaceous  su b s ta n c e s  f u r n i s h  the  
energy  f o r  m ic ro b e s ,  n i t r o g e n  i s  a s s i m i l a t e d  and m e ta b o l ize d  a s  
p r o t e i n  in  th e  s y n t h e s i s  o f  c e l l  s u b s ta n c e ,  and th e  C:N r a t i o  
d e c l in e s  (Tusneem and P a t r i c k  1971). A g e n e r a l  t r e n d  o f  C:N r a t i o  
d e c re a se  th ro u g h  tim e was a l s o  ob se rv ed  i n  t h i s  ex p e r im en t .
In  g e n e r a l ,  as  d ecom posit ion  p r o g r e s s e s ,  m i n e r a l i z a t i o n  was 
a lw ays accompanied by im m o b i l iz a t io n ;  th e  two p ro c e s s e s  ten d ed  to  
c o u n te r a c t  each o t h e r  so  f a r  as p ro d u c t io n  o f  in o r g a n ic  N was 
concerned  (J a n sso n  1963). The n a rro w in g  o f  th e  C:N r a t i o  i n  th e
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d ecom posit ion  o f  n i t r o g e n - p o o r  s u b s t r a t e s  i s  n o t  l i n e a r ;  and th e  
d ecay ing  e x p o n e n t i a l  cu rv e  approaches  a r a t i o  o f  ap p ro x im a te ly  10:1. 
Wider r a t i o s  f a v o r  im m o b i l iz a t io n ,  and narrow  r a t i o s  m in e r a l i z a t i o n .
The sh a rp  d e c l i n e  o f  th e  C:N r a t i o  o f  r i c e  s t ra w  from 57 to  44 d u rin g  
th e  f i r s t  month a f t e r  f lo o d in g  in  a l l  t r e a tm e n ts  was due to  a h igh  
i n i t i a l  C:N r a t i o  and a  h ig h  te m p e ra tu re .
S ince  a n a e ro b ic  b a c t e r i a  o p e r a te  a t  a  low fe rm e n ta t io n  energy , 
th e  s y n th e s i s  r a t e  o f  new c e l l  m a t e r i a l  i s  v e ry  low; f o r  example, 
on ly  2 to  5% o f  th e  s u b s t r a t e  carbon  i s  a s s im i l a t e d  by a n a e ro b ic  
b a c t e r i a ,  compared w i th  abou t 30 to  40% t h a t  i s  a s s im i l a t e d  by fu n g i  
i n  an a e r o b ic  system  (A lexander 1977). Thus, th e  n i t r o g e n  im m obilized 
d u r in g  a n a e ro b ic  deco m p o sit io n  shou ld  be low, and t h a t  r e l e a s e d  to  
th e  s o i l  su sp e n s io n  sh o u ld  be h ig h .  In  c o n t r a s t ,  a e r o b ic  m etabolism  
r e s u l t e d  in  a  v ig o ro u s  d ecom pos ition  o f  o rg a n ic  m a t t e r ,  coup led  w ith  
a  h ig h  im m o b i l iz a t io n  o f  n i t r o g e n .  D eg rad a tio n  o f  o rg a n ic  m a t te r  
under a e ro b ic  c o n d i t io n s  was caused by h e t e r o t r o p h i c  b a c t e r i a ,  fu n g i ,  
and a c t in o m y c e te s . I n  an a n a e ro b ic  c o n d i t io n ,  a l e s s  e f f i c i e n t  and 
more r e s t r i c t e d  b a c t e r i a l  m ic r o f l o r a  ta k e s  o v e r  th e  a c t i v i t i e s  o f  the  
e f f i c i e n t  fu n g a l  m i c r o f l o r a .  Hence, b o th  m i n e r a l i z a t i o n  and 
im m o b i l iz a t io n  r a t e s  a r e  c o n s id e r a b ly  r e t a r d e d .  The p r o t e i n  formed 
under a e r o b ic  c o n d i t io n s  i s  m o s t ly  i n s o l u b l e  i n  w a te r ,  due to  th e  
s y n th e s i s  o f  in s o lu b l e  m ic r o b ia l  t i s s u e ,  w h i le  t h a t  under a n a e ro b ic  
c o n d i t io n s  rem ains  i n  s o l u t i o n  due to  poo r im m o b i l iz a t io n .  I t  has 
been n o ted  by Acharya (1935c) t h a t  th e  amount o f  p r o t e i n  i n  th e  
i n s o l u b l e  r e s id u e  i s  lo w e s t  i n  th e  a n a e ro b ic  system  and h i g h e s t  in  
th e  a e r o b ic  system .
The f a s t e s t  C:N r a t i o  d e c l i n e  o f  r i c e  s t ra w  was i n  b a le d  ponds,
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fo l lo w ed  by s ta n d in g  ponds and d isk e d  ponds. T h is  was p r im a r i ly  th e  
r e s u l t  o f  d ecay in g  i n  v a r io u s  oxygen b u d g e ts— a e r o b ic ,  p a r t i a l l y  
a e r o b ic ,  and a n a e ro b ic  c o n d i t i o n s .  The r i c e  s t ra w  i n  s ta n d in g  ponds 
had a  s i m i l a r  C:N r a t i o  dynamic to  t h a t  i n  b a le d  ponds. One reason  
i s  t h a t ,  ex cep t  f o r  th e  f i r s t  month a f t e r  f lo o d in g ,  d iu r n a l  DO in
s ta n d in g  ponds g e n e r a l ly  exceeded 6 mg/1, n e a r in g  s a t u r a t i o n
e s p e c i a l l y  i n  w in te r ;  t h u s ,  th e  r i c e  s t ra w  m ostly  decomposed under 
an a e r o b ic  c o n d i t io n .  A nother r e a s o n  i s  t h a t  i n  s ta n d in g  ponds th e  
a t ta c h e d  p e r ip h y to n  was n o t  co m p le te ly  removed a l th o u g h  th e  r i c e  
s t ra w  was r i n s e d  a t  sam pling . The p e r ip h y to n  p ro b a b ly  b o o s ted  the
C:N r a t i o  o f  th e  r i c e  s t r a w .
P o p u la t io n  Dynamics
I n i t i a l  S u r v iv a l  and Growth R ate  o f  C ra y f ish
The r e l a t i o n s h i p s  between av erag e  daytim e DO, minimum dawn DO, 
and a v e rag e  dawn DO v e r s u s  s u r v i v a l  r a t e  i n  t h i s  s tu d y  were 
i n s i g n i f i c a n t  becau se  o f  s e v e r a l  f a c t o r s .  F i r s t ,  t r a n s f e r  o f  
j u v e n i l e  c r a y f i s h  to  cages  was c a r r i e d  o u t  i n  th e  a f te rn o o n  when DO 
was a t  i t s  h ig h e s t  l e v e l ,  and th e  g ra d u a l  d e c l i n e  i n  DO cou ld  have 
g iv en  th e  c r a y f i s h  tim e to  a d j u s t .  S econd ly , c o n d i t io n s  o f  low DO 
were n o t  p e r s i s t e n t .  J a s p e r s  and A vau lt  (1969) n o te d  t h a t  DO in  
w a te r s  o f  c r a y f i s h  burrow s ranged  from 1 .4  to  0 .2  mg/1 w i th o u t  
n o ta b le  m o r t a l i t y  i n  young c r a y f i s h .  They i n d i c a t e d  t h a t  th e  w a te r  
may have a c te d  a s  a h u m id ity  so u rc e  to  keep g i l l s  w e t .  Melancon and 
A vau lt  (1978) o bserved  t h a t  c r a y f i s h  o f  9-12 mm i n  t o t a l  l e n g t h ,  when 
s u b je c te d  to  an a b ru p t  DO change from 6 .0  to  0 .4  mg/1 and 6 .0  to  1.1
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m g/1, had  s u r v i v a l  r a t e s  a f t e r  60 h o u rs  o f  0 and 58%, r e s p e c t i v e l y .
Death may be due to  th e  i n a b i l i t y  o f  c r a y f i s h  to  r e g u l a t e  oxygen 
consum ption  when su d d en ly  p la c e d  under low oxygen c o n d i t io n s  (Maloeuf 
1937).
S u r v iv a l  r a t e  was in v e r s e l y  r e l a t e d  to  av erag e  w a te r  te m p e ra tu re .
Mason (1978) a l s o  found an ad v e rse  e f f e c t  o f  h igh  te m p e ra tu re  on th e
s u r v i v a l  o f  c r a y f i s h  P a c i f a s t a c u s  l e n i u s c u l u s . F req u en t  m o l t in g  a t
f a s t e r  growth under  h ig h  te m p e ra tu re  could  make c r a y f i s h  more
v u ln e r a b l e  to  c a n n ib a l i s m .  High te m p e ra tu re  m ight a l s o  make th e
h a r d - s h e l l e d  i n d i v i d u a l s  more a g g re s s iv e  and cause  them to  p rey  on
th e  s o f t - s h e l l e d  o n es .
High s u r v i v a l  i n  l a t e - f l o o d e d  ponds was due m ain ly  to  a low
w a te r  te m p e ra tu re  th a n  i n  e a r ly - f l o o d e d  ponds. No s i g n i f i c a n t
d i f f e r e n c e s  i n  s u r v i v a l  r a t e  were found among b a le d ,  s t a n d in g ,  and
d isk e d  r i c e  ponds d u r in g  th e  four-w eek  p e r io d .  I t  ap p ea rs  t h a t
av e rag e  d i u r n a l  DO m a in ta in e d  in  th e  range  o f  2 .3  to  6 .6  mg/1 had no
d e t r im e n ta l  e f f e c t  on s u r v i v a l  r a t e .
C ra y f is h  growth r a t e  was i n v e r s e l y  c o r r e l a t e d  to  s u r v i v a l  r a t e .
G oyert (1978) r e p o r t e d  t h a t  c r a y f i s h  r a i s e d  a t  a low d e n s i t y  (10 
2
c r a y f i s h /m  ) grew 14.2 mm l a r g e r  th an  c r a y f i s h  grown a t  a h ig h
2
d e n s i t y  (40 c r a y f i s h /m  ) over 10 weeks. Abrahamsson and Goldman 
(1970) o b se rv ed  t h a t  body l e n g th  was i n v e r s e l y  r e l a t e d  to  p o p u la t io n  
d e n s i t y .  The food su p p ly  was a d e q u a te ,  t h u s ,  th e  in v e r s e  r e l a t i o n s h i p  
betw een growth and s u r v i v a l  may have been due to  a  's p a c e  f a c t o r '
(H ile  1936), whereby crow ding impedes growth in d ep en d e n t  o f  food 
abundance.
C ra y f i s h  g e n e r a l l y  cea se  fe e d in g  and growing i f  under p e r s i s t e n t
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low DO (LaCaze 1976). Growth r a t e  d u r in g  th e  four-w eek  p e r io d  was 
p o s i t i v e l y  c o r r e l a t e d  w ith  av erag e  daytim e DO and av e rag e  w a te r  
t e m p e ra tu re .  I n c r e a s in g  DO c o n c e n t r a t io n  and w a te r  te m p era tu re  
r e s u l t e d  i n  f a s t e r  g row th .
Growth r a t e  was s i g n i f i c a n t l y  h ig h e r  i n  e a r ly - f lo o d e d  ponds than  
i n  l a t e - f l o o d e d  ponds d u r in g  th e  f i r s t  two-weeks. T h is  was due to  
h ig h e r  w a te r  te m p e ra tu re s  a n d /o r  low er s u r v i v a l .  Mason (1978) found 
t h a t  th e  com bina tion  o f  h ig h  te m p e ra tu re  and s h o r t  p h o to p e r io d  gave 
th e  b e s t  growth o f  j u v e n i l e  c r a y f i s h  JP. l e n i u s c u l u s , w i th  te m p era tu re  
b e in g  th e  p redom inant i n f l u e n c e .  The h ig h e s t  averag e  i n i t i a l  growth 
observed  i n  e a r ly - f l o o d e d  ponds i n  which r i c e  s t ra w  was d isk ed  was 
a t t r i b u t e d  to  th e  h ig h e r  w a te r  te m p e ra tu re  and low er s u r v i v a l  r a t e .
L ike th e  e f f e c t s  o f  th e  p h o to p e r io d ,  th e  weaker p h o t o i n t e n s i t y  
caused  by t u r b i d i t y  in  ponds w i th  d isk ed  r i c e  s t ra w  may have r e s u l t e d  
i n  a  h ig h  growth r a t e  o f  c r a y f i s h .
Growth, P o p u la t io n  D e n s i ty ,  and Y ie ld
C ra y f is h  y i e l d  was p r im a r i l y  th e  p ro d u c t  o f  th e  averag e  s i z e  
and number o f  c r a y f i s h  h a r v e s te d .  V a r ia t io n  o f  y i e l d  among t r e a t ­
ments can be e x p la in e d  by th e  d i f f e r e n c e s  i n  growth and p o p u la t io n  
s i z e s  among t r e a tm e n t s .
P o p u la t io n  s i z e  o f  young c r a y f i s h  a t  f a l l  f lo o d in g  was dependent 
th e n  on th e  s i z e  and th e  r e p r o d u c t i v i t y  o f  th e  p a r e n t  p o p u la t io n .  In  
an  a t te m p t  to  e q u a l i z e  th e  p a r e n t  p o p u la t io n s  among ponds and to  
re d u c e  th e  e f f e c t  o f  th e  w ild  ( n a t iv e )  p a r e n t  p o p u la t io n ,  c r a y f i s h  
were s to c k e d  i n  ev e ry  pond a t  a  r a t e  o f  48 p a i r s  p e r  pond (51 k g /h a ) .  
V i r t u a l l y  a l l  ponds r e c e iv e d  th e  same p r e p a r a t i o n ,  t h a t  i s ,  d i s k in g ,
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r i c e  p l a n t i n g ,  f e r t i l i z i n g ,  d r a in in g  and d ry in g .  I t  was re a so n a b le  
to  assume t h a t  an e q u a l  number o f  progeny e x i s t e d  i n  every  pond 
b e f o r e  t r e a tm e n ts  were a p p l ie d ;  th e  v a r i a t i o n  i n  p o p u la t io n s  among 
ponds a t  sam pling  was a t t r i b u t e d  to  th e  v a r io u s  t r e a tm e n t  e f f e c t s .  
Growth, s u r v i v a l  and y i e l d  o f  c r a y f i s h  were a f f e c t e d  by a number of 
f a c t o r s :  te m p e ra tu re ,  oxygen c o n c e n t r a t io n ,  food abundance,
p o p u la t io n  d e n s i t y ,  and c o n f ig u r a t io n  o f  s u b s t r a t e .  Many f a c t o r s  
were i n t e r r e l a t e d .
The f a c t o r s  t h a t  a f f e c t e d  p o p u la t io n  dynamics between e a r l y -  
and l a t e - f l o o d e d  ponds a r e  as fo l lo w s :
(1) T em pera tu re : H igher w a te r  te m p e ra tu re s  were g e n e r a l ly
fa v o ra b le  to  growth b u t  n o t  s u r v i v a l .  The average  w a te r  te m p e ra tu re  
i n  e a r ly - f lo o d e d  ponds (23 .4  C) was 2 .9  C h ig h e r  than  i n  l a t e -  
f lo o d e d  ponds (2 0 .5  C) f i v e  weeks a f t e r  f lo o d in g .  Westman (1973) 
found t h a t  te m p e ra tu re s  between 18 and 21 C were good f o r  th e  growth 
o f  c r a y f i s h  (P. l e n i u s c u l u s ) b u t  poor f o r  s u r v i v a l ,  w h ile  tem pera­
t u r e s  n e a r  10 C r e s u l t e d  i n  reduced  growth b u t  h ig h e r  s u r v i v a l .  He 
concluded  t h a t  te m p e ra tu re  r a t h e r  th an  an i n t e r n a l  rhythm was the  
c o n t r o l l i n g  f a c t o r  f o r  grow th. Hoffman e t  a l .  (1975) found t h a t  as 
te m p e ra tu re  in c r e a s e d  from 5 to  10 C, th e  a g g r e s s iv e  b e h a v io r  o f  th e  
l o b s t e r  (Homarus a m er ica n u s ) a l s o  in c r e a s e d .  M i l tn e r  (1980) s t a t e d  
t h a t  th e  r e l a t i v e l y  r a p id  growth o f  c r a y f i s h  a t  f a l l  f lo o d in g  was 
p r im a r i l y  due to  th e  warm w a te r  te m p e ra tu re s  and th e  h ig h  m o lt in g  
f req u en cy  a s s o c i a t e d  w i th  newly h a tch e d  c r a y f i s h .  Mason (1978) 
found an a d v e r se  e f f e c t  o f  te m p e ra tu re  on th e  s u r v i v a l  o f  th e  c r a y f i s h  
P. l e n i u s c u l u s . More f r e q u e n t  m o l t in g  a t  f a s t e r  growth under h ig h
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t e m p e ra tu re  cou ld  have made c r a y f i s h  more v u ln e r a b le  to  c an n ib a lism .
High te m p e ra tu re  may a l s o  make th e  h a r d - s h e l l e d  i n d i v i d u a l s  more 
a g g r e s s iv e  so t h a t  th e y  p rey  on th e  s o f t - s h e l l e d  o n es .  G oyert (1978) 
i n  h i s  d e n s i t y - t e m p e r a tu r e  e x p e r im en t ,  found t h a t  th e  h ig h e s t  
te m p e ra tu re  t r e a tm e n t  (30 C) r e s u l t e d  i n  th e  lo w e s t  s u r v i v a l  (62%), 
as compared to  24 C (76%) and 27 C (78%), f o r  a  p e r io d  o f  42 days.
The o v e r a l l  s m a l le r  p o p u la t io n  s i z e  o f  c r a y f i s h  i n  e a r ly - f lo o d e d  
ponds th a n  i n  l a t e - f l o o d e d  ponds may have been due to  th e  p o o re r  
s u r v i v a l  r a t e  under warmer te m p e ra tu re .
(2) Oxygen c o n te n t :  A lthough th e  av e rag e  d iu r n a l  DO i n  e a r l y -  
f lo o d ed  ponds (4 .4  mg/1) d id  n o t  s i g n i f i c a n t l y  (P>0.05) d i f f e r  from 
t h a t  i n  l a t e - f l o o d e d  ponds (3 .6  m g /1 ) ,  th e r e  were 11 and 6 c r i t i c a l  
dawn DOs o f  l e s s  th an  1.00 mg/1 i n  e a r l y -  and l a t e - f l o o d e d  ponds, 
r e s p e c t i v e l y ,  d u r in g  th e  f i r s t  10 w eeks ' sam p lin g s .  Under more 
f r e q u e n t  DO d e p le t i o n  s t r e s s e s ,  low s u r v i v a l  i n  e a r ly - f lo o d e d  ponds 
may have r e s u l t e d .  The com bina tion  o f  low DO and warm te m p e ra tu re  
may even be more d e t r im e n ta l  to  c r a y f i s h  s u r v i v a l ;  i t  may f u r t h e r  
s t im u l a t e  c a n n i b a l i s t i c  b e h a v io r .  F u r th e r  r e s e a r c h  i s  needed in  
t h i s  a r e a  to  d e te rm in e  th e  o p t im a l  te m p e ra tu re  f o r  c r a y f i s h  f o r  bo th  
b e t t e r  grow th and s u r v i v a l .
(3) Food abundance: D i f f e r e n c e s  i n  c r a y f i s h  growth between 
e a r l y -  and l a t e - f l o o d e d  ponds d u r in g  th e  e a r l y  s t a g e  a f t e r  f lo o d in g  
were n o t  b e l i e v e d  to  be r e l a t e d  to  th e  abundance o f  r i c e  s t ra w  
s u b s t r a t e ,  s i n c e  c r a y f i s h  biom ass was low and th e  r i c e  s t ra w  was n o t  
n u t r i t i o u s  enough (C:N<17). Chien (1978) s t a t e d  t h a t  t h e  p e r ip h y to n  
on r i c e  s t ra w  se rv ed  a s  th e  main food f o r  c r a y f i s h  b e f o r e  th e  r i c e  
s t ra w  decayed s u f f i c i e n t l y  to  become n u t r i t i o u s .  As p re v io u s ly
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m entioned , th e  p e r ip h y to n  community i n  e a r ly - f lo o d e d  ponds was b e t t e r
e s t a b l i s h e d  th a n  t h a t  i n  l a t e - f l o o d e d  ponds. The a v a i l a b i l i t y  o f  more
food i n  e a r l y - f l o o d e d  ponds a t  th e  e a r l y  s ta g e  a f t e r  f lo o d in g  allow ed
f a s t e r  grow th . S in ce  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  C:N
r a t i o  d e c l i n e  betw een e a r ly - f lo o d e d  and l a t e - f l o o d e d  ponds, the
s i m i l a r  n u t r i t i o n  v a lu e s  o f  decay in g  r i c e  s t ra w  have no a p p a re n t
e f f e c t s  on o b se rv ed  d i f f e r e n c e s  i n  growth.
(4) P o p u la t io n  d e n s i t y :  High p o p u la t io n  d e n s i t y  i n  i t s e l f
a d v e r s e ly  a f f e c t s  s u r v i v a l  and grow th . Westman (1973) n o te d  t h a t
2m o r t a l i t i e s  in c r e a s e d  w i th  i n c r e a s i n g  d e n s i t i e s  (150 to  250/m ) fo r
y o u n g - o f - th e - y e a r  c r a y f i s h .  He a l s o  n o ted  t h a t  th e  s i n g l e  g r e a t e s t
cau se  o f  m o r t a l i t y  among c r a y f i s h  r e a r e d  a t  h ig h  d e n s i t i e s  i s
c a n n ib a l i s m .  Dye and Jo n es  (1975) found t h a t  s u r v iv a l  was m arkedly
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b e t t e r  f o r  young c r a y f i s h  r a i s e d  a t  d e n s i t i e s  o f  l l /m  compared w ith
2 2c r a y f i s h  r a i s e d  a t  d e n s i t i e s  o f  43/m and 172/m . The in v e r s e  
r e l a t i o n s h i p  betw een s to c k in g  d e n s i t y  and s u r v i v a l  i n  th e s e  s t u d i e s  
w i th  c r a y f i s h  a r e  i n  agreem ent w ith  th e  r e s u l t  o f  W i l l i s  e t  a l .
(1976) i n  t h e i r  s tu d y  w i th  th e  f r e s h w a te r  prawn.
With a h ig h e r  p o p u la t io n  d e n s i t y ,  each  c r a y f i s h  o b ta in e d  a 
s m a l le r  s h a re  o f  a v a i l a b l e  food and grew s lo w ly .  Burrows and Combs 
(1968) n o te d  t h a t  h ig h  p o p u la t io n  d e n s i t i e s  cou ld  r e s u l t  i n  reduced  
growth due to  s t r e s s  and poor food u t i l i z a t i o n .  C ra y f is h  g e n e r a l ly  
a v o id  one a n o th e r  i n  t h e i r  f o r a g in g ,  b u t  when th ey  do meet i t  i s  a 
t e n s i o n  c o n ta c t  (B ov je rg  1956). With h ig h e r  p o p u la t io n  d e n s i t i e s ,  
t h e  number o f  t h e s e  a g g r e s s iv e  e n c o u n te r s  i n c r e a s e s ,  and more energy  
i s  d i v e r t e d  away from grow th . G oyert (1978) a l s o  s u g g e s ts  t h a t  
growth i n h i b i t i o n s  o f  c r a y f i s h  a t  h ig h  s to c k in g  d e n s i t i e s  a r e  due to
b o th  s o c i a l  i n t e r a c t i o n s  and t e r r i t o r i a l  r e s t r i c t i o n s .  McLeese 
(1972) found t h a t  growth p e r  m o lt  was g r e a t e s t  a t  low s to c k in g  
d e n s i t i e s  f o r  th e  l o b s t e r  (H. am erican u s) r e a r e d  i n  i n t e n s i v e  sy s tem s. 
Huner e t  a l .  (1975) a l s o  n o ted  b e t t e r  growth and s u r v i v a l  among 
c r a y f i s h  r a i s e d  a t  low d e n s i t y .  The average  in d i v i d u a l  w e igh t and 
le n g th  o f  c r a y f i s h  i n  e a r ly - f l o o d e d  ponds a r e  h ig h e r  than  th o se  in  
l a t e - f l o o d e d  ponds b eca u se  o f  th e  low er p o p u la t io n  d e n s i t y  (CPUE) in  
e a r ly - f l o o d e d  ponds. With h ig h e r  p o p u la t io n  d e n s i t i e s  and lower 
i n d i v i d u a l  w e ig h t ,  y i e l d  i n  l a t e - f l o o d e d  ponds d id  n o t  s i g n i f i c a n t l y  
d i f f e r  w i th  t h a t  i n  e a r ly - f lo o d e d  ponds, which had low er p o p u la t io n  
d e n s i t y  b u t  h ig h e r  i n d i v i d u a l  w e ig h t .  Near th e  end o f  th e  season  
( i n t e n s i v e  h a r v e s t in g )  c r a y f i s h  i n  e a r ly - f lo o d e d  ponds n o t  on ly  had 
a  h ig h e r  p o p u la t io n  d e n s i t y ,  b u t  a l s o  h ig h e r  averag e  i n d iv id u a l  
w e igh t th a n  i n  l a t e - f l o o d e d  ponds, which r e s u l t e d  i n  h ig h e r  
b i o l o g i c a l - p o t e n t i a l  y i e l d  i n  e a r ly - f lo o d e d  ponds.
F a c to r s  t h a t  a f f e c t e d  p o p u la t io n  dynamics among b a le d ,  s t a n d in g ,  
and d isk e d  ponds a r e  d e s c r ib e e  as  fo l lo w s :
(1) T em pera tu re :  D uring th e  f i r s t  10 weeks a f t e r  f lo o d in g ,  
th e  w a te r  te m p e ra tu re  was h i g h e s t  i n  d is k e d  ponds, fo llo w ed  by b a le d  
ponds and s t a n d in g  ponds . However, w a te r  te m p e ra tu re  d id  n o t  
a p p r e c ia b ly  d i f f e r  among th e s e  t r e a tm e n ts  th ro u g h o u t  th e  s tu d y .  
T h e r e f o r e ,  i t  had no a p p a re n t  e f f e c t s  on observed  d i f f e r e n c e s  i n  
growth and s u r v i v a l  among th e  t r e a tm e n t s .
(2) Oxygen c o n te n t :  D uring th e  second to  th e  f i f t h  week a f t e r  
f l o o d i n g ,  b a le d  ponds had th e  h ig h e s t  averag e  d i u r n a l  and dawn DOs, 
and th e  h i g h e s t  s u r v i v a l  o f  c r a y f i s h .  D uring th e  same p e r i o d ,  d isk ed  
ponds had th e  lo w est  av e rag e  d iu r n a l  DO and th e  h i g h e s t  number o f
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c r i t i c a l  dawn DOs. D uring  oxygen d e p l e t i o n ,  c r a y f i s h  may climb 
a lo n g  th e  s u b s t r a t e  to  th e  a i r - w a t e r  i n t e r f a c e  and o b ta in  th e  oxygen 
d i r e c t l y  from  th e  a i r  th ro u g h  g i l l  r e s p i r a t i o n .  When th e  r i c e  s t ra w  
was d isk e d  u n d e r ,  th e  bank o f  th e  pond was th e  o n ly  s u r f a c e  on which 
th e  c r a y f i s h  cou ld  c lim b o u t ,  and f a i l u r e  to  r e a c h  th e  a i r - w a t e r  
i n t e r f a c e  r e s u l t e d  i n  m o r t a l i t y .  A lthough DO l e v e l s  i n  s ta n d in g  ponds 
were n o t  s i g n i f i c a n t l y  h ig h e r  th a n  th o s e  in  d isk ed  ponds, c r a y f i s h  had 
acc e ss  to  r i c e  s t ra w  to  re a c h  th e  a i r - w a t e r  i n t e r f a c e  when DO was low.
(3) S u b s t r a t e  c o n f i g u r a t i o n ,  p o p u la t io n  d e n s i t y :  Lower
s u r v iv a l  o f  c r a y f i s h  i n  d isk ed  ponds may a l s o  be a t t r i b u t e d  to  l e s s  
s u b s t r a t e  o r  poor c o n f i g u r a t i o n  o f  th e  s u b s t r a t e .  Abrahamsson and 
Goldman (1970) o b se rv ed  t h a t  c r a y f i s h  s u f f e r e d  l e s s  p r e d a t io n  and 
e x h ib i t e d  h ig h e r  d e n s i t i e s  i n  a r e a s  w i th  a rocky s u b s t r a t e  t h a t  
p ro v id e d  good c o v e r ,  t h e  c r a y f i s h  were s u b je c te d  to  p r e d a to r s  such 
a s  b i r d s  and b u l l f r o g s  when they  c lim bed on th e  bank o f  th e  pond 
d u r in g  DO d e p le t i o n .  W i l l i s  e t  a l .  (1976) concluded  t h a t  h a b i t a t  
co m plex ity  i s  a re q u ire m e n t  f o r  M acrobranchium sp .  h ig h  d e n s i t y  
grow -out system . A ccord ing  to  S a n d i f e r  and Smith (1976) , th e  most 
p ro m is in g  approach  to  th e  mass r e a r i n g  o f  prawns i s  p ro v id in g  a l a r g e  
s u r f a c e  a r e a  o f  s h e l t e r s  i n  th e  ta n k .  S ince  c r a y f i s h  a r e  a n t i - s o c i a l ,  
a g g r e s s iv e ,  and t e r r i t o r i a l  o rg a n ism s ,  th e  t e r r i t o r y  p e rc e iv e d  by th e  
c r a y f i s h  h a s  a d i r e c t  e f f e c t  on g row th ; th e  l a r g e r  th e  a r e a ,  th e  l e s s  
th e  f req u en cy  o f  s o c i a l  i n t e r a c t i o n ,  and th e  b e t t e r  th e  s u r v i v a l  and 
growth r a t e .  The open pond bo ttom  i s  th e  o n ly  s u b s t r a t e  f o r  c r a y f i s h  
i n  d isk e d  ponds. With a  s m a l l e r  s u b s t r a t e  a r e a  and l i m i t e d  fo o d , th e  
number o f  a g g r e s s iv e  e n c o u n te r s  p ro b a b ly  i n c r e a s e ,  r e s u l t i n g  i n  a 
h ig h e r  m o r t a l i t y  from f i g h t i n g  and a  d i v e r s i o n  o f  energy  from growth.
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G oyert (1978) found s i g n i f i c a n t  d i f f e r e n c e s  i n  c r a y f i s h  s u r v iv a l
among s u b s t r a t e s  w i th  72.6% s u r v i v a l  i n  a h o r i z o n t a l  s u r f a c e  a re a ^ —,
| 2fo llo w ed  by 65% i n  a v e r t i a l  s u r f a c e  a r e a 1—, and 54.6% i n  a c o n t r o l  
13medium . The s u b s t r a t e  c o n f ig u r a t io n s  o f  s ta n d in g  ponds v e rsu s  
d isk e d  ponds were com parable  to  th o s e  o f  s u r f a c e  a r e a  ( v e r t i c a l l y  
s t a n d i n g ,  u n cu t  r i c e  s t r a w  and h o r i z o n t a l l y  lo d g ed , c u t  r i c e  s traw ) 
v e r s u s  c o n t r o l  i n  G o y e r t ' s  ex p e r im en t .  G oyert (1978) concluded th a t  
th e  in c r e a s e d  growth and s u r v i v a l  can be a t t r i b u t e d  to  th e  c r a y f i s h ' s  
a b i l i t y  to  m ig ra te  from a r e a s  o f  h ig h  d e n s i t y  ( i n i t i a l l y  crowded 
bo ttom  l a y e r )  to  a r e a s  o f  low d e n s i t y  (upper l a y e r s )  v i a  th e  s u b s t r a t e .  
By d i s p e r s i n g  th em se lv e s  among th e  m u l t i p l e  s u r f a c e  a r e a s  p ro v id ed  by 
th e  r i c e  s t r a w ,  th e  c r a y f i s h  reduced  th e  number o f  e n c o u n te rs  and 
th u s  p e rc e iv e d  a l a r g e r  t e r r i t o r y  th a n  a c t u a l l y  e x i s t e d .
(4) Food abundance: C ra y f is h  were s m a l le r  i n  d isk e d  ponds
th a n  i n  b a le d  o r  s t a n d in g  ponds, b ecau se  food was l e s s  a v a i l a b l e .
S ince  most o f  th e  r i c e  s t ra w  was d isk e d  u n d e r ,  l i t t l e  s u b s t r a t e  
was l e f t  f o r  p e r ip h y to n .  R ice  s t ra w  i n  b a le d  ponds reach ed  a C:N 
r a t i o  o f  17:1 s l i g h t l y  e a r l i e r  th a n  i n  s ta n d in g  ponds; however, food 
a v a i l a b i l i t y  was low er i n  b a le d  ponds th an  i n  s ta n d in g  ponds. With 
l e s s  food and a h ig h e r  p o p u la t io n  d e n s i t y  i n  b a le d  ponds th a n  i n  
s t a n d in g  ponds , c r a y f i s h  were s m a l l e r  i n  b a le d  ponds. C o nsequen tly , 
b a le d  ponds , a s  compared to  s t a n d in g  ponds, had few er h a r v e s t a b l e  
c r a y f i s h .  From th e  d i f f e r e n c e s  betw een p o t e n t i a l  y i e l d  and a c t u a l
 ^ H o r iz o n ta l  o r i e n t e d  lo o p s  o f  26 cm wide window s c r e e n .
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V e r t i c a l l y  o r i e n t e d  lo o p s  o f  26 cm wide window s c r e e n .
3
G ravel f i l t e r  medium o n ly .
y i e l d  i n  s ta n d in g  ponds (63 k g /h a )  and b a le d  ponds (9 k g / h a ) , th e  
h ig h e r  food a v a i l a b i l i t y  in  s ta n d in g  ponds was e v id e n t .
F u r th e r  s tu d y  i s  su g g es te d  on th e  p o ly c u l tu r e  o f  fo ra g e  c rops 
to  i n c r e a s e  food a v a i l a b i l i t y  f o r  c r a y f i s h .  A com bina tion  o f  fo rag e  
c ro p s  w i th  d i f f e r e n t  i n i t i a l  C:N r a t i o s  and decay ing  dynamics may 
s u s t a i n  ad eq u a te  n u t r i t i o n ,  s u b s t r a t e ,  and p e r ip h y to n  th ro u g h o u t the  
whole growing sea so n .
SUMMARY OF DISCUSSION
1. F lo o d in g  d a te s  a f f e c t e d  th e  r a t e  o f  r i c e  s t ra w  decay , p e r ip h y to n  
e s t a b l i s h m e n t ,  and c r a y f i s h  growth.
2. High w a te r  te m p e ra tu re  due to  e a r l y - f l o o d i n g  a c c e l e r a t e d  the  
m etabo lism  o f  o rg an ism s, such as  r i c e  s t ra w  decay m i c r o f l o r a ,  
p e r ip h y to n ,  and c r a y f i s h ;  b u t  s u r v i v a l  o f  c r a y f i s h  was lowered 
b ecau se  o f  reduced  DO and in c re a s e d  a g g re s s iv e n e s s  o f  c r a y f i s h .
3. The d i s p o s a l s  o f  r i c e  s t ra w  p h y s i c a l l y  de te rm in ed  a t ta ch m en t a rea  
f o r  p e r ip h y to n  and th e  t o t a l  amount o f  s u b s t r a t e  and s u b s t r a t e  
c o n f i g u r a t i o n  f o r  c r a y f i s h .  The s u b s t r a t e  and i t s  c o n f ig u r a t io n  
a f f e c t e d  c r a y f i s h  p o p u la t io n  d e n s i t y  and s u r v i v a l .
4. The d i f f e r e n c e s  o f  DO due to  w a te r  te m p e ra tu re s  and d i s p o s a l s  o f  
r i c e  s t r a w  a f f e c t e d  th e  change o f  th e  C:N r a t i o  o f  r i c e  s t ra w  and 
r e l e a s e  o f  n u t r i e n t s .
5. The b u lk  o f  food so u rc e s  f o r  c r a y f i s h  i s  composed o f  decay ing  
r i c e  s t r a w  and p e r ip h y to n .  P e r ip h y to n  biom ass i s  m ain ly  
a f f e c t e d  by a t ta ch m e n t  a r e a ,  n u t r i e n t s  s u p p ly ,  and w a te r  
te m p e ra tu re .
6. High p o p u la t io n  d e n s i t y  a d v e r s e ly  a f f e c t e d  s u r v iv a l  and growth 
w hich i n  t u r n  r e s u l t e d  i n  th e  d i f f e r e n c e s  i n  y i e l d s .
7. The b e s t  o v e r a l l  com bina tion  o f  p a ra m e te rs  f o r  maximum c r a y f i s h  
p r o d u c t io n  i n  k g /h a  was from th e  t r e a tm e n t  o f  e a r l y - f l o o d i n g  
w i th  s ta n d in g  r i c e .
8. The r e s p o n s e s  o f  e n v iro n m en ta l  p a ra m e te rs  and c r a y f i s h  p o p u la t io n  
dynamics to  th e  t r e a tm e n t s  o f  d i s p o s a l s  o f  r i c e  s t ra w  and
*74
75
f lo o d in g  d a te s  a r e  g e n e r a l iz e d  and summarized a s  below and i n  
F ig .  16.
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F ig .  16. The e f f e c t s  o f  t r e a tm e n t s  on en v iro n m e n ta l  p a ra m e te rs  and c r a y f i s h  
p o p u la t io n  dynam ics. The th ic k n e s s  o f  th e  l i n e s  shows th e  r e l a t i v e  
m agnitude  o f  e f f e c t s .
CONCLUSIONS AND RECOMMENDATIONS
1. L a te  f a l l  f lo o d in g  i n  t h i s  s tu d y  had no s i g n i f i c a n t  e f f e c t s  on 
c r a y f i s h  f i e l d .  D e lay ing  f a l l  f lo o d in g  u n t i l  l a t e  October 
red u ced  oxygen d e p le t i o n  problem s and in c re a s e d  c r a y f i s h  
s u r v i v a l .  However, growth i s  d e lay e d ,  and so i s  th e  tim e o f  
m a rk e t in g .  Farm ers may choose e a r l y  f lo o d in g  i n  o rd e r  to  reach  
th e  m arke t ahead o f  w i ld -c a u g h t  c ro p .
2. The n u t r i t i o n a l  v a lu e  o f  fo ra g e  can be improved by m a n ip u la t in g  
th e  d ecay in g  dynam ics. Both th e  decay ing  fo ra g e  and th e  a t ta c h e d  
p e r ip h y to n  p la y  e q u a l ly  im p o r tan t  r o l e s  i n  food su p p ly .
Temporary rem oval o f  r i c e  s t ra w  from th e  pond a t  f a l l  f lo o d in g  
red u ce  oxygen d e p le t i o n  problem . I t  i s  su g g es te d  t h a t  r i c e  
s t ra w  be p u t  back  i n t o  ponds a f t e r  c r i t i c a l  p e r io d s  o f  low DO 
(low te m p e ra tu re  days) to  a l lo w  f o r  e s ta b l i s h m e n t  o f  p e r ip h y to n  
and a d d i t i o n a l  s u b s t r a t e .  The c o s t  o f  removing and r e t u r n i n g  
r i c e  s t r a w  sh o u ld  be compared to  t h a t  o f  c o n v e n t io n a l  c i r c u l a t i o n /  
a e r a t i o n  te c h n iq u e s  i n  th e  economic s tu d y .
3. I t  was ev idenced  t h a t  h ig h  p o p u la t io n  d e n s i t y  i n  i t s e l f  a d v e r s e ly  
a f f e c t e d  s u r v i v a l  and grow th . I t  i s  su g g es te d  t h a t  i n t e n s i v e  
t r a p p in g  s t a r t  a s  soon a s  c r a y f i s h  re a c h  h a r v e s t a b l e  s i z e .
Removal o f  h a r v e s t a b l e  c r a y f i s h  may red u ce  p o p u la t io n  d e n s i ty  and 
food c o m p e t i t io n  and i n c r e a s e  s u r v i v a l  and g row th , and th e  y i e l d .
A. The b e s t  management scheme to  p roduce  h i g h e s t  y i e l d  o f  c r a y f i s h  
c a l l s  f o r  e a r l y  f l o o d i n g ,  w i th  r i c e  fo d d e r  l e f t  s t a n d in g .
78
A com bina tion  o f  fo ra g e  c ro p s  w i th  d i f f e r e n t  i n i t i a l  C:N r a t i o s  
and d ecay ing  dynamics may s u s t a i n  ad eq u a te  n u t r i t i o n a l  food , 
s u b s t r a t e ,  and p e r ip h y to n  th ro u g h o u t th e  whole sea so n .
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SV’ = 17.88 - 0.4661 ATP40
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F ig .  A - l .  R e l a t i o n  o f  s u r v i v a l  r a t e  (SV) o f  c r a y f i s h  t o  a v e ra g e  d i u r n a l  
te m p e ra tu re  (ATP) d u r in g  a  4-week p e r i o d ,  1978, Ben Hur Farm, 
LSU. E a r ly - f lo o d e d  ponds ( X ) ,  L a te - f lo o d e d  ponds ( °  ) .
2
Note: Part of the variation explained by the regression, i.e., R , may be
due to the time of flooding.
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R2 = 0.1964**
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F i g .  A-2. R e la t io n  o f  g ro w th  r a t e  (GT) t o  s u r v i v a l  r a t e  (SV) o f  c r a y f i s h  
d u r in g  a  4-week p e r i o d ,  1978, Ben Hur Farm, LSU. E a r ly - f lo o d e d  
ponds ( x  ) ,  L a te - f lo o d e d  ponds ( © ) .
2
Note: Part of the variation explained by the regression, i.e., R , may be
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F ig .  A -3. R e l a t i o n  o f  g row th  r a t e  (GT) o f  c r a y f i s h  t o  a v e r a g e  d i u r n a l  
d i s s o lv e d  oxygen (DDO) d u r in g  a 4-week p e r i o d ,  1978, Ben Hur 
Farm, LSU. E a r ly - f lo o d e d  ponds ( X ) ,  L a te - f lo o d e d  ponds ( O ) .
Note: Part of the variation explained by the regression, i.e., R , may be
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J?ig. A-4. R e l a t io n  o f  g row th  r a t e  (GT) o f  c r a y f i s h  ro  a v e ra g e  d i u r n a l  
te m p e ra tu re  (ATP) d u r in g  a  4-week p e r i o d ,  Ben Hur Farm, LSU. 
E a r ly - f lo o d e d  ponds ( X ) ,  L a te - f lo o d e d  ponds ( ® ) .
2
Note: Part of the variation explained by the regression, i.e., R , may be
due to the time of flooding.
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F ig .  A-5. The c a tc h  p e r  u n i t  o f  e f f o r t  (two t r a p s /p o n d )  and th e  s i z e ,
i n  w e ig h t  ( g ) , o f  c r a y f i s h  from b a le d  ponds (b ------  ) ,  s ta n d in g
ponds ( s  ) ,  and d isk e d  ponds (d — • —) ,  which were e a r l y -
f lo o d e d  on 20 September 1978, d u r in g  11th to  29 th  week p o s t  









Crayfish Catch Per Unit o f  E ffort (4 Trap-days) in Number
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F ig .  A -6. The c a tc h  p e r  u n i t  o f  e f f o r t  (two t r a p s /p o n d )  and th e  s i z e ,
i n  w e ig h t  ( g ) , o f  c r a y f i s h  from b a le d  ponds (b ——  ) ,  s ta n d in g
ponds ( s  ) ,  and d is k e d  ponds (d —* —) ,  which were l a t e -
f lo o d e d  on 15 O ctober 1978, d u r in g  7 th  to  25 week p o s t  f lo o d ­










Crayfish Catch Per Unit o f  Effort (4 Trap-days) in Number












F ig .  A-7. The y i e l d  ( Y ) - e f f o r t  (X) cu rve  o f  c r a y f i s h  from b a le d  ponds,
v m o ri -0 .2 2 6 6 X .3 .2 8 9 3 . . . .  ,(b -----  , Y = 1212(l-e  ) ) ,  s ta n d in g  ponds
f V , 0 -1 / 1  - 0 . 1904X.3.0952. , , .  . , ,( s  -----  , Y = 1672(l-e  ) ) ,  and d isk ed  ponds
t a . v  - 0 . 2 3 12X.4 .6206 . , .. , ,(d — , Y = 873(l-e  ) ) ,  which were e a r ly - f lo o d e d
on 20 Septem ber 1978, d u r in g  2 December 1978 and 29 May 1979,


















Cumulative Fishing E f fo r t  (8 traps-day/pond)
T?-t r> A _ 7
99
F ig .  A-8 . The y i e l d  ( Y ) - e f f o r t  (X) cu rve  o f  c r a y f i s h  from b a le d  ponds
/w v 1 1 / / / 1 -0 .3471 X .7 .1 3 5 6 . „ , ,( b   , Y =1144(l-e  ) ) ,  s ta n d in g  ponds
. - ) .2422X.3 .8019 . . . .  . . .( s  -----  , Y =1527(l-e  ) ) ,  and d isk e d  ponds
/ a v -70-3/1 - ) .-9 0 2 X .5 .2483 . , ,(d — • —, Y = 793(l-e  ) ) ,  which were l a t e - f l o o d e d
on 15 O ctober 1978, d u r in g  2 December 1978 and 29 May 1979,
Ben Hur Farm, LSU.
i l -
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Cumulative Fishing E ffo r t  (8 traps-day/pond)
F ig .  A-8 .
100
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T ab le  A - l .  Average d i u r n a l  DO, dawn DO, and d iu r n a l  te m p e ra tu re  o f  
ponds r e c e i v i n g  s i x  t r e a tm e n ts  o f  two f lo o d in g  d a te s  X 
t h r e e  d i s p o s a l s  o f  r i c e  s t r a w  d u r in g  th e  f i r s t  weeks 
a f t e r  f lo o d in g  i n  1978, Ben Hur Farm, LSU.
D iu rn a l  DO (m g /1 ):
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S tan d in g
D isked
Average
E a r ly  F lood ing
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D iu rn a l  T em pera tu re  (C):
E a r ly  F lood ing
Baled
S tan d in g
Disked
Average









2 1 . 8
21.4
22.6
Ponds w ere f lo o d e d  20 September 1978.
12' — Ponds w ere f lo o d e d  15 O ctober 1978.
I 3' — Ponds where th e  r i c e  s t r a w  was c o l l e c t e d  and p i l e d  i n t o  heaps 
on th e  bank.
|4'— Ponds w here th e  r i c e  s t r a w  was l e f t  as  was i n  th e  ponds.
Ponds w here a l l  t h e  r i c e  s t ra w  was d is k e d  underground about 
5 - 7 .5  cm deep .
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Tabid A-2. Dawn d i s s o lv e d  oxygen and av erag e  d iu r n a l  te m p e ra tu re  o f  
ponds r e c e i v i n g  s i x  t r e a tm e n ts  o f  two f lo o d in g  d a te s  X 
t h r e e  d i s p o s a l s  o f  r i c e  s t ra w  d u r in g  th e  f i r s t  1 0  weeks 
a f t e r  f l o o d in g  i n  1978, Ben Hur Farm, LSU.
D is so lv e d  Oxygen (m g/l)
E a r ly --Flooded Ponds 1 1 L ate--Flooded Ponds 12
Week Baled 1- |4S tan d in g Disked  ^— Baled S tan d in g Disked
2 0 . 8 0 .5 0 . 6 1 . 0 1.5 0 . 8
3 0 . 6 0 .4 0 .3 0 .9 1 . 1 0 . 8
4 2 .3 0 .5 0 .5 2 .3 3 .1 2 . 2
5 3 .1 1 .7 2 .3 0 .5 0 .9 0 . 8
6 1.4 1 . 0 1.3 1 .3 2 . 0 1.7
7 1.9 0 .9 3.9 ----- ----- -----
8 4 .9 2 .7 5 .9 ----- ----- -----
9 1.9 0 .5 2 .7 4 .4 6 . 2 6 .3
1 0 3 .6 2 .5 6 . 2 3 .2 4 .7 5 .3
Average 2 .3 1 . 2 2 . 6 2 . 0 2 . 8 2 .5
Water T em pera tu re  (C)
E a r ly -F lo o d e d  Ponds Late--Flooded Ponds
Week Baled S ta n d in g Disked Baled S tan d in g Disked
2 2 8 .3 27 .0 2 8 .8 23 .4 2 2 . 1 2 3 .8
3 2 7 .0 26 .0 27 .6 2 0 . 6 2 0 . 0 2 1 . 2
4 23.4 23 .7 24 .9 17.0 17.2 18.1
5 18.8 18.2 19.7 20 .5 2 0 . 6 21 .3
6 23.1 22.7 23.9 14.6 14.6 15.0
7 20.7 19.7 2 1 . 2 ------- ------- -------
8 17.2 16.7 17.9 ------- ------- -------
9 20.5 19.9 21 .3 9 .3 8 .9 9 .2
1 0 14.6 14.6 14.6 1 2 . 1 1 2 . 0 12.3
Average 21 .5 20.9 2 2 . 2 16.7 16.6 17.2
— Ponds were f lo o d ed  Septem ber 1978.
2
— Ponds were f lo o d e d  O ctober  1978.
3
— Ponds where th e  r i c e  s t r a w  was c o l l e c t e d  and p i l e d  i n t o  heaps  
on th e  bank.
4
— Ponds where th e  r i c e  s t ra w  was l e f t  a s  was i n  th e  ponds .
— Ponds where a l l  th e  r i c e  s t r a w  was d isk e d  underground  ab o u t 
5 -7 .5  cm deep .
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T ab le  A - 3 ( a ) .  The amount o f  NH,-N, N0_+N0^-N and t o t a l  N (mg/1) from 
s i x  t r e a tm e n t s  o f  two f loodxng  d a te s  X t h r e e  d i s p o s a l s  
o f  r i c e  s t r a w  from 16 O ctober 1978 to  18 March 1979, 
Ben Hur Farm, LSU.
Sampling
D ates
D a tes  o f  
F lo o d in g
D is p o s a ls  o f  R ice  
Baled S tan d in g  1 —
Straw 
Disked 1 — Averag
nhI"4 i
10 /16 /78 E a r ly X9~ 0 .025 0.054 0 . 0 0 0 0.026
11/22 /78 L a te 0 .028 0 . 0 0 0 0 .013 0.014
Average 0 .027 0 .027 0 .007 0 . 0 2 0
11/12 /78 E a r ly 0 .028 0 . 0 0 0 0 .013 0.014
12 /18 /78 L a te 0 . 0 0 0 0 .123 0 . 0 0 0 0.041
Average 0 .014 0.062 0.007 0.028
12/18 /78 E a r ly 0 . 0 0 0 0 .007 0 .053 0 . 0 2 0
1 /1 9 /7 9 L a te 0 .043 0.204 0 .088 0 . 1 1 2
Average 0 . 0 2 2 0 .106 0.071 0.066
1/19 /79 E a r ly 0 .180 0 .063 0.038 0.094
2 /1 9 /7 9 L a te 0 .016 0 .085 0 .053 0.051
Average 0 .098 0.074 0 .046 0 .073
2 /1 9 /7 9 E a r ly 0 .025 0.029 0 .023 0.026
3 /1 8 /7 9 L a te 0 .016 0 .085 0 .053 0.051
Average 0 . 0 2 1 0.057 0 .038 0 .039
Average 0 .036 0 .065 0.034 0.045
no~+no3--N
10/16 /78 E a r ly 0 . 0 0 0 0 .003 0.277 0 .093
11/22 /78 L a te 0 .013 0 . 0 2 0 0.014 0.016
Average 0 .007 0 . 0 1 2 0.146 0.055
11/22 /78 E a r ly 0 .050 0 . 0 1 0 0 .023 0 .028
12 /18 /78 L a te 0 .219 0 . 0 0 0 0.412 0 . 2 1 0
Average 0 .135 0 .005 0 .218 0 .119
12 /18 /78 E a r ly 0 .023 0 . 0 2 0 0.067 0.037
1 /19 /79 L a te 0 .024 0 . 0 0 0 0 .123 0.049
Average 0 .024 0 . 0 1 0 0 .095 0 .043
1 /19 /79 E a r ly 0 .004 0 .135 0 .037 0.059
2 /1 9 /7 9 L a te 0 .0 9 8 0 .323 0 .023 0 .148
Average 0 .051 0.229 0 .030 0 .104
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T abid  A -3 (a ) .  C on tinued .
Sampling
D ates
D ates  o f  
F lood ing Baled
D is p o sa ls  o f  R ice  Straw
S tan d in g  D isked ~ Average
2 /1 9 /7 9
3 /1 8 /7 9
Average




















10/16 /78  E a r ly  
11 /22 /78  L a te
Average
11/22 /78  E a r ly  





2 /1 9 /7 9
2 /1 9 /7 9
3 /1 8 /7 9
Average
E a r ly
L a te
Average
E a r ly
L a te
Average



































































T o ta l  N
10 /16 /78  E a r ly  0 .974
11 /22 /78  L a te  0 .905
Average 0 .940
11 /22 /78  E a r ly  0 .675
12 /18 /78  L a te  0 .814
Average 0 .745
12 /18 /78  E a r ly  0 .852

































D ates  o f  
F lo o d in g Baled ^
D isp o sa ls  o f  R ice 
— S tan d in g
Straw 
D isked  ^— Average
1 /19 /79 E a r ly 0 .685 0 .831 0 .896 0.804
2 /1 9 /7 9 L a te 0 .643 0 .932 0.716 0.764
Average 0 .664 0 .882 0 .806 0.784
2 /1 9 /7 9 E a r ly 0 .822 0 .553 0.599 0 .658
3 /1 8 /7 9 L a te 1.138 1.099 0.816 1.018
Average 0 .980 0 .826 0 .708 0.838
Average 0 .805 0.889 0 .883 0 .859
— Ponds were f lo o d e d  on September 1978.
2
— Ponds were f lo o d e d  on O ctober 1978.
3
— Ponds where th e  r i c e  s t ra w  was c o l l e c t e d  and p i l e d  i n to  heaps 
on th e  bank.
4
— Ponds where th e  r i c e  s t ra w  was l e f t  as  was i n  th e  ponds.
— Ponds where a l l  th e  r i c e  s t ra w  was d isk ed  underground about 
5 -7 .5  cm deep.
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3-
T ab le  A - 3 ( b ) . The amount o f  PO^ - P ,  and t o t a l  P (mg/1) from s i x  
t r e a tm e n t s  o f  two f lo o d in g  d a te s  X th r e e  d i s p o s a l s  
o f  r i c e  s t r a w  from 16 O ctober 1978 to  18 March 1979, 
Ben Hur Farm, LSU.
D isp o sa ls  o f  R ice Straw
Sampling
Dates
D ates  o f  
F lo o d in g Baled I - |4S tan d in g  ' — Disked 1— Averag
3- 
PO. -P  4 1
10/16/78 E a r ly 1T 0.017 0.024 0.015 0.019
11/22 /78 L a te 0 .123 0 .025 0 .103 0.084
Average 0 .070 0.025 0.059 0.051
11/22 /78 E a r ly 0.009 0 . 1 0 2 0 .846 0 .053
12 /18 /78 L a te 0 .055 0.027 0.041 0.041
Average 0.032 0.065 0 .045 0 .047
12/18 /78 E a r ly 0.009 0 .013 0 .023 0.016
1 /1 9 /7 9 L a te 0 . 0 0 1 0.008 0 .044 0.018
Average 0.005 0 . 0 1 1 0.036 0.017
1 /19 /79 E a r ly 0 . 0 1 2 0 .008 0 . 0 0 1 0 .007
2 /1 9 /7 9 L a te 0 .023 0 . 0 2 2 0.005 0.017
Average 0 .018 0.015 0 .003 0 . 0 1 2
2 /1 9 /7 9 E a r ly 0.014 0 .004 0 .009 0.009
3 /1 8 /7 9 L a te 0 . 1 1 1 0 .063 0 .052 0.075
Average 0 .063 0 .034 0.031 0 .043
Average 0 .038 0 .030 0.035 0.034
T o ta l  P
10/16 /78 E a r ly 0 .149 0 .073 0.126 0 .116
11 /22 /78 L a te 0 .164 0 .108 0.109 0 .127
Average 0 .157 0 .091 0 .118 0 . 1 2 2
11/22 /78 E a r ly 0 .072 0 .163 0.049 0 .095
12 /18 /78 L a te 0 .060 0 .173 0 .133 0 . 1 2 2
Average 0 .066 0 .168 0.091 0 .108
12 /18 /79 E a r ly 0 .057 0 .036 0.061 0.051
1/19 /79 L a te 0 .098 0 .056 0 .108 0.087
Average 0 .078 0 .046 0 .085 0 .070
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Tabid  A -3 (b ) .  C on tinued .
Sampling
D ates
D ates  o f  
F lo o d in g Baled ^
D isp o sa ls  o f  R ice  Straw
1 3  I4  I5  
— S ta n d in g 1— D isk e d 1— Average
1 /1 9 /79 E a r ly 0 .059 0.040 0.055 0.051
2 /1 9 /7 9 L a te 0 .035 0.082 0.135 0.084
Average 0 .047 0.061 0 .095 0.068
2 /1 9 /7 9 E a r ly 0 .058 0.104 0 .071 0 .078
3 /1 8 /7 9 L a te 0 .219 0.195 0 .172 0 .195
Average 0 .139 0.150 0 . 1 2 1 0 .137
Average 0 .097 0.103 0 . 1 0 2 0 . 1 0 1
— Ponds were f lo o d e d  20 September 1978.
2
— Ponds were f lo o d e d  15 O ctober 1978.
3
— Ponds where th e  r i c e  s traw  was c o l l e c t e d  and p i l e d  i n t o  heaps 
on th e  bank.
4
— Ponds w here th e  r i c e  s t ra w  was l e f t  a s  was i n  th e  ponds.
— Ponds where a l l  th e  r i c e  s t ra w  was d isk ed  underground about 
5 -7 .5  cm deep.
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T ab le  A-4. Average r a t e  o f  w e ig h t  l o s s  (%) o f  r i c e  s t r a w  under s i x  
t r e a tm e n ts  w i th  two f lo o d in g  d a te s  X t h r e e  d i s p o s a l s  o f  
r i c e  s t r a w  d u r in g  f i v e  d u r a t i o n s  o f  d e co m p o s it io n ,  Ben 
Hur Farm, LSU.
D u ra t io n  of 
D ecom position
D ates  o f  
F lood ing Baled
D is p o s a ls  o f  R ice Straw  
— S tand ing^— Disked^— Average
30 days E a r ly 1 4 7 .13 4 3 .2 3 37.29 42.55
La te 26.33 24 .73 19.00 23.66
Average 36 .73 33.98 28 .60
60 days E a r ly 53.68 49.31 4 2 .06 48.35
L a te 40.16 27.05 25.31 30.84
Average 46 .92 38.18 33.69
90 days E a r ly 61 .14 51 .76 45.51 52.80
L a te 55 .95 33.82 28.53 39.44
Average 58.55 42.79 37.02
1 2 0  days E a r ly 68.44 54 .87 44 .98 56.10
L a te 57 .80 58 .58 39.37 51.92
Average 63 .12 56 .73 42.17
150 days E a r ly 79.15 68.81 52.84 66 .93
L a te 74.98 64.45 4 5 .03 61.49
Average 77.07 6 6 .63 48.94
— Ponds were f lo o d ed  20 September 1978.
2
— Ponds were f lo o d e d  15 O ctober 1978.
3
— Ponds where th e  r i c e  s t ra w  was c o l l e c t e d  and p i l e d  i n t o  heaps 
on th e  bank.
4
— Ponds where th e  r i c e  s t ra w  was l e f t  as  was i n  th e  ponds.
— Ponds where a l l  th e  r i c e  s t r a w  was d isk ed  underground ab o u t
5 -7 .5  cm deep .
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T ab le  A-5. I n i t i a l  s u r v i v a l  r a t e  (%) and growth (mm) o f  16 mm
j u v e n i l e  c r a y f i s h  under s i x  t r e a tm e n ts  o f  two f lo o d in g  
d a t e s  X t h r e e  d i s p o s a l s  o f  r i c e  s t ra w  d u r in g  th e  f i r s t  
month a f t e r  f lo o d in g ,  Ben Hur Farm, LSU.
0 - 1 A days:
E a r ly  F lo o d in g L a te  F lood ing | 2 Average
S u r v iv a l Growth S u rv iv a l Growth S u r v iv a l Growth
Baled 3 78 6 .9 95 3 .8 87 5 . A
S tan d in g *4s’ 95 A. 8 95 A .7 95 A. 8
D isked 85 5 .7 96 A .3 91 5 .0
Average 8 6 5 .8 95 A .3
15-28 days | 6 k - •
E a r ly  F lo o d in g L a te  F lood ing Average
S u rv iv a l Growth S u rv iv a l Growth S u rv iv a l Growth
Baled 83 2 .9 87 A .6 85 3.8
S tan d in g 81 3 .2 87 A .5 8 A 3.9
D isked 79 A. 6 89 A.A 8 A A .5
Average 81 3 .6 8 8 A .5
0-28 days:
E a r ly  F lo o d in g  L a te  F lo o d in g  Average
S u r v iv a l Growth S u rv iv a l Growth S u r v iv a l Growth
Baled 65 9 .7 83 8 .3 7A 9 .0
S ta n d in g 77 8 . 0 83 9 .2 80 8 . 6
Disked 67 10.3 85 8 .7 76 9 .5
Average 70 9 .3 8 A 8.7
— Ponds were f lo o d e d  20 September 1978.
— Ponds were f lo o d e d  15 O ctober 1978.
3
— Ponds where th e  r i c e  s t r a w  was c o l l e c t e d  and p i l e d  i n t o  heaps  
on th e  bank.
— Ponds where th e  r i c e  s t ra w  was l e f t  a s  was i n  th e  ponds.
— Ponds where a l l  th e  r i c e  s t r a w  was d isk e d  underground  abou t
5 - 7 .5  cm deep .
— The second 2 week s u r v i v a l  r a t e  = (The number o f  c r a y f i s h  
s u rv iv e d  a t  th e  end o f  th e  f o u r th  week) /  (The number o f  c r a y f i s h
su rv iv e d  a t  th e  end o f  th e  second week) X 100%.
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T ab le  A-6 . The p a ra m e te rs  o f  von B e r t a l a n f f y ' s  growth cu rv es  
c r a y f i s h  from t re a tm e n ts  w i th  two f lo o d in g  d a te s  X 
t h r e e  d i s p o s a l s  o f  r i c e  s t r a w ,  Ben Hur Farm, LSU.
l l o f
D ates
F lo o d in g
D is p o sa ls  o f  R ice
| 2  13 B aled  — S ta n d in g '—
Straw
Disked — Combined  ^—
E a r ly k<-o 112.7 94.1 87.6 92.2
F lood ing to - 4 6 .5 - 3 .6 -2 7 .6 -1 6 .2
(2 0 /9 /7 8 ) k 0.0185 0.0947 0.0413 0.0550
L ate ■^00 9 2 .8 131.5 72.5 82.7
F lood ing to - 1 8 .9 -3 5 .4 1 . 8 - 7 .8
(1 5 /1 0 /7 8 ) k 0 .0422 0.0171 0.2387 0.0896
Combined  ^— ^ 0 0 101.5 9 5 .4 77.4
to - 2 7 .7 - 9 .1 - 0 . 8
k 0 .0286 0.0641 0.1337
l l
|4
von B e r t a l a n f f y ' s  growth cu rv e :
- k * ( t - t o ) ,L = Lt  oo ( 1 - e )
l i
where L t = l e n g th  a t  age t  i n  mm,
L = a v e rag e  maximum t o t a l  l e n g th ,  
k = B ro d y 's  growth c o e f f i c i e n t ,  
t  = ag e ,  i n  weeks i n  t h i s  c a s e ,
to  = t h e o r e t i c a l  ad ju s tm en t  p a ra m e te r ,  which e x p re ss  
th e  age when th e  l e n g th  would have been  z e ro .
Ponds where th e  r i c e  s t ra w  was c o l l e c t e d  and p i l e d  i n t o  heaps 
on th e  bank.
Ponds where th e  r i c e  s t ra w  was l e f t  a s  was i n  th e  ponds.
Ponds where a l l  th e  r i c e  s t ra w  was d isk e d  underground abou t 
5 -7 .5  cm deep.
D ata o f  d i s p o s a l s  o f  r i c e  s t ra w  combined th e n  f i t  i n t o  
growth c u rv e .
Data o f  f lo o d in g  d a t e s  combined th en  f i t  i n t o  growth c u rv e .
I l l
T able  A-7. The a v e rag e  number (AVGN) p e r  t r a p p in g  and in d iv id u a l
w e ig h t  (AVGIW) o f  h a r v e s t a b l e  c r a y f i s h  from s i x  t r e a tm e n ts  
o f  two f lo o d in g  d a te s  X t h r e e  d i s p o s a l s  o f  r i c e  s traw  
d u r in g  2 December 1978 and 29 May.1979, Ben Hur Farm, LSU.
D ates  o f  
F lo o d in g
D is p o sa ls  o f  R ice Straw
l l  |2  |3  B a l e d '— S ta n d in g '— D is k e d '— Average
E a r ly AVGN 161 2 2 1 126 169
F lo o d in g
(2 0 /9 /7 8 ) AVGIW 20.9 2 0 . 2 18.2 19.8
L a te AVGN 188 209 137 178
F lood ing
(1 5 /1 0 /7 8 ) AVGIW 15.7 18.6 15.8 16.7
Average AVGN 174 215 131
AVGIW 18.3 19.4 17.0
 ^— Ponds where th e r i c e  s t ra w  was c o l l e c t e d  and p i l e d  i n t o  heaps
on th e  bank.
12' — Ponds where th e  r i c e  s t ra w  was l e f t  a s  was i n  th e  ponds.
I 3' — Ponds where a l l  th e  r i c e  s t ra w  was d isk e d  underground abou t 
5 -7 .5  cm deep.
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T able  A-8. The p a ra m e te rs  o f  y i e l d - e f f o r t  cu rv e s  — from s i x
t r e a tm e n ts  o f  two f lo o d in g  d a te s  X t h r e e  d i s p o s a l s  o f  
r i c e  s t r a w ,  Ben Hur Farm, LSU.
D ates  o f  
F lo o d in g
D isp o sa ls  o f  R ice
12 1 3  
B a le d 1-  S ta n d in g '—
Straw
|4Disked Average
E a r ly  A 1212 1672 873 7251
F lo o d in g  K 0.22657 0.19046 0.23117 0.20981
(2 0 /9 /7 8 )  M 3.2893 3.0957 4.62055 3.41666
InM/K 5.2552 5.9329 6.62073 5.85608
L a te  A 1144 1527 784 1127
F lo o d in g  K 0.34711 0.24222 0.29019 0.29636
(1 5 /1 0 /7 9 )  M 7.13559 3.80189 5.24826 5.35081
InM/K 5.66130 5.51358 5.71314 5.65950
Average A 1166 1569 830
K 0.28739 0.22553 0.24848
M 4.85995 3.65851 4.51738
InM/K 5.50133 5.75115 6.06863
— Y i e l d - e f f o r t  cu rv e :
v  * . “K*XvMY = A * (1 -e  )
where Y = cummulative c a tc h  i n  w e ig h t ,  
x = cu m u la t iv e  f i s h i n g  e f f o r t ,
. xm\A = b i o l o g i c a l  p o t e n t i a l  y i e l d ,
— g-*-  = th e  tim e  when peak c a tc h  s t a r t s ,
K = d e te r m in a t io n  v a lu e  o f  c u r v a tu r e ,  
exp = n a t u r a l  lo g a r i th m .
2
— Ponds where th e  r i c e  s t r a w  was c o l l e c t e d  and p i l e d  i n t o  heaps  
on th e  bank.
3
— Ponds where th e  r i c e  s t r a w  was l e f t  a s  was i n  th e  ponds.
4
— Ponds where a l l  th e  r i c e  s t r a w  was d isk e d  underground abou t 
5 - 7 .5  cm deep.
Appendix B - Tables of Statistics! Analysis
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Tabid  B - l .  The a n a l y s i s  o f  v a r i a n c e  o f  p e r ip h y to n  d ry  w e ig h t  from 
p e r ip h y to n  sam p le rs  i n  ponds under s i x  t r e a tm e n t s  o f  
two f lo o d in g  d a t e s  (FLD) X t h r e e  d i s p o s a l s  o f  r i c e  
s t r a w  (STR), d u r in g  t h r e e  d u r a t io n s  o f  exp o su re  (T ) , 
Ben Hur Farm, LSU.
Source df SS MS F
T rea tm en ts 17 53.50 3.14 4.83**
T 2 11.42 5.71 8.80**
STR 2 8 .08 4.04 6 . 2 2 **
FLD 1 17.72 17.72 27.30**
T*FLD 2 2 . 6 6 1.33 2.05ns
T*STR 4 6.32 1.58 2.43ns
FLD*STR 2 1 . 2 0 0 .60 0 . 92ns
t *fld*str 4 5 .90 1.48 2 . 27ns
E r ro r 36 23.40 0 .65
T o ta l 53 76.70
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T able  B-2. The a n a l y s i s  o f  v a r i a n c e  o f  r i c e  s t ra w  w e ig h t  l o s s  
a f t e r  f i v e  p e r io d s  o f  decom posit ion  (T) under s i x  
t r e a tm e n t s  o f  two f lo o d in g  d a t e s  (FLD) X t h r e e  
d i s p o s a l s  o f  r i c e  s t r a w ,  (STR), Ben Hur Farm, LSU.
Source d f SS MS F
T rea tm en t 29 21117.56 728.19 51.38**
T 4 10677.31 2669.32 188.34**
FLD 1 3174.93 3174.93 224.01**
STR 2 5078.01 2539.00 179.14**
T*FLD 4 826.71 206.67 14.58**
T*STR 8 970.02 121.25 8.56**
FLD*STR 2 15.63 7.81 0.56ns
T*FLD*STR 8 374.96 46.87 3.31**
E r ro r 60 850.38 14.17
T o ta l 89 21967.94
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T able  B-3. The a n a l y s i s  o f  v a r i a n c e  o f  th e  number o f  h a r v e s ta b le
c r a y f i s h  from s i x  t r e a tm e n ts  o f  two f lo o d in g  d a te s  (FLD) 
X th r e e  d i s p o s a l s  o f  r i c e  s t ra w  (STR), and 18 t r a p p in g  
o c c a s io n s  ( 8  t r a p s /p o n d )  ( T ) , d u r in g  2 December 1978 and 
29 May 1979, Ben Hur Farm, LSU.
Source d f SS MS F
T rea tm en t 107 4279520 39996 4 .62
T 17 3350102 197065 22.78**
FLD 1 6427 6427 0 . 74ns
STR 2 376632 188316 21.77**
T*FLD 17 169469 9969 1 . 15ns
T*STR 34 285566 8399 0 .97ns
FLD*STR 2 20623 10312 1 . 19ns
T*FLD*STR 34 70700 2079 0 .24ns
E r ro r 216 1868452 8650
T o ta l 323 6147972
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T ab le  B-4. The a n a l y s i s  o f  v a r i a n c e  o f  c a tc h  p e r  u n i t  o f  e f f o r t  in  
w e igh t from s i x  t r e a tm e n ts  o f  two f lo o d in g  d a te s  (FLD)
X t h r e e  d i s p o s a l s  o f  r i c e  s t ra w  (STR), and 18 t r a p p in g  
o c c a s io n s  ( 8  t r a p s /p o n d )  (T ) , d u r in g  2 December 1978 
and 29 May 1979, Ben Hur Farm, LSU.
Source d f SS MS F
T rea tm en t 107 1979660402 18501499 5.61**
T 17 1570720064 9239539 28.01**
FLD 1 2067364 2067364 0 .63ns
STR 2 208532426 104266213 31.60**
T*FLD 17 34854248 2050250 0.62ns
T*STR 34 139300609 4097076 1 . 24ns
FLD*STR 2 667251 333626 0 . 1 0 ns
T*FLD*STR 34 712622772 688778 0 . 2 1 ns
E r ro r 216 2692283174 3299180
T o ta l 323
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T ab le  B-5. The a n a l y s i s  o f  v a r ia n c e  o f  averag e  i n d i v i d u a l  w e igh t o f  
h a r v e s t a b l e  c r a y f i s h  from s i x  t r e a tm e n ts  o f  two f lo o d in g  
d a te s  (FLD) X t h r e e  d i s p o s a l s  o f  r i c e  s t ra w  (STR), and 
18 t r a p p in g  o c c a s io n s  ( 8  t r a p s /p o n d )  ( T ) , d u r in g  2 
December 1978 and 29 May 1979, Ben Hur Farm, LSU.
Source d f SS MS F
T rea tm en t 107 4502.25 42 .08 1.76**
T 17 2164.27 127.31 5.31**
FLD 1 762.31 762.31 31.82**
STR 2 311.22 155.61 6.49**
T*FLD 17 141.09 8 .30 0 . 35ns
T*STR 34 589.02 17.32 0 . 72ns
FLD*STR 2 195.48 97.74 4.08*
T*FLD*STR 34 338.87 9.97 0 .42ns
E r ro r 216 5151.33 23.96
T o ta l 323 9653.58
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T ab le  B -6 . The a n a l y s i s  o f  v a r i a n c e  o f  c r a y f i s h  p r o d u c t io n  (kg /ha) 
from s i x  t r e a tm e n t s  o f  two f lo o d in g  d a t e s  (FLD) X th r e e  
d i s p o s a l s  o f  r i c e  s t r a w  (STR), Ben Hur Farm, LSU.
Source df SS MS F
T rea tm en ts 5 3833218413 766643682 3.78*
FLD 1 35369657 35369657 0 . 17ns
STR 2 3787767781 1893883891 9.33**
FLD*STR 2 10080975 5040488 0 . 0 2 ns
E r ro r 1 2 2435574957 202964579
T o ta l 17 6268793370
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